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(57) Abstract 

A device and method for efficiently synthesizing diveise molecular products on substrates. A parent vessel (200) contains a suspension 
of substrates. The suspension is pressurized with argon and transfeired to a plurality of reaction vessels (201-209) in one or more reaciion 
vessel banks where nimiomer addition reactions take place. Optionally, the substrates may be tagged with a tag monomer A vort^mg 
motor (300) vortexes the contents of reaction vessels (201-209) during monomer addition reactions to enhance synthesis After ^^e desired 
monomer and/or tag monomer addition reaction, the suspension is pressurized with argon ^""^ '^'"'^^'^f ^^^^^^ '^^^^ 
mixing, -niereafter. the suspension may be pressurized with argon and reallocated among reaction vessels (201-209) for further synthesis. 
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SYNTHESIZING AND SCREENING MOLE CULAR DIVERSITY 

RELATED APPLICATIONS 
This application is a continuation-in-part of U.S. Application Serial Nos. 
08/146,886 and 08/149,675, both filed on November 2, 1993, each of which is 
incorporated herein by reference for all purposes. 

COPYRIGHT NOTICE 
A portion of the disclosure of this patent document contains material which 
is subject to copyright protection. The copyright owner has no objection to the facsimile 
reproduction by anyone of the patent document or the patent disclosure as it appears in the 
Patent and Trademark Office patent file or records, but otherwise reserves all copyright 
rights whatsoever. 

FIELD OF THE INVENTION 
The present invention relates generally to methods and devices for 
synthesizing very large coUections of diverse molecules and for identifying and isolating 
compounds with useful and desired activities from such collections. The invention also 
relates to the incorporation of identification tags in such collections to facilitate 
identification of compounds with desired properties. 

BACKGROUND OF THE INVENTION 
Ligands for macromoiecular receptors can be identified by screening diverse 
collections of peptides produced through either molecular biological or synthetic chemical 
techniques. Recombinant peptide libraries have been generated by inserting degenerate 
oligonucleotides into genes encoding capsid proteins of filamentous bacteriophage and the 
DNA-binding protein Lac I. See Cwirla eUl-, 1990, Proc. Natl . Acad . Sci. USA 87: 
6378-6382; Scott & Smith, 1990, Science 249: 386-390; Devlin eLal., 1990, Science 242: 
404-406; Cull et al .. 1992, Proc . Natl . Acad . Sci. USA 89:1865-1869; and PCT 
pubUcation Nos. WO 91/17271, WO 91/19818, WO 93/08278, each of which is 
incorporated herein by reference. These random libraries may contain more than lO' 
different peptides, each fused to a larger protein sequence that is physically linked to the 
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,«,e.c materia. encCin. U. Sucn U.raHes 1 emcienUy sc^ne. - -^^j^;- ^ 
Leptor by several rounds of affinity purification, the selected exposmon or display 

by se .^^.^.^^^ ^^^^^^ ^^^^ ^ ^^eal 

vectors being amplified in E. coh and the pubUcation Nos. 

the identity of the peptide responsible for receptor binding. See also FCl p 

WO 91/05058 and WO 92/02536. Hh^ries are 

Chemical approaches to generating peptide or other molecular Ubranes are 
„ot limited to syntheses uig Just the 20 genetically coded amino Byc'^P^^S the 

X bloc, ^t to include unnatural amino acids and other n;-^^" ^^/^^ 
the acisible sequence and structural diversity is dramatically increa^d. In s^«al of the 
"IcrTed for creating synthetic molecular libraries, the reaction produc. a,e 
::ti:y segregated and the identity of Individ^ Ubrary members u— ^ 
defined by the nature of the synthesis See Geysen eL^-. 1984. Eroc. _ - 
TTSA 81- 3998-4002; Geysen eUll. 1986. in SjOflhfitis Essti^ ^ AQfigeOS; Ciba 

^ pl^icfion NOS. WO 84A«564; 86/00991; 86/06487; 90/15070; »^ 92/10092. 
each of which is incorponued herein by reference. 

libraries of mon= .h^n 30 million soluble peptides have been prep^ 
U„ ...a-bag- of n-ultiple pepUde syndesis. See Hou.h,en. 19SS ^■ 

„ L. S^. a^: 5131-5.35; and U.S. Pa.n. No. -^j;^^^^ 
i,^^, h«ein b, reference. H»ch Ubrary is s,n«.es,«d and 

nnxrures in which individual amino acids widun d.e sequence «e exptaU, 
^ An i^aUve process o, screemng <e.g., in a compedOon bi»d»g ^ 
^^titrl » Ldona^ .ese ndxnnes and de«ne .he mo, -ve^d«^ 
^ ..1 1001 Nature 354- 84-86; PiniltaSLal. 'S^'tOiaaS 
25 the library. See HoughtensLJl.. 1991, IfiBttsaa- » <in.513- and 

Researrs- 351-358; Blake. .. & Utzi-Davis. 1992, EaasSHaB C^n- 2- 
"t pubUcadon No. WO 92/093<», each of which is incorp««ed heren, by 

using the split-synthesis protocol of FurU 1988. mU- li^ M- 
30 ^ Ei^.,Uue!c,ech..;47(seealsoPur.^..l9»..I«^^Bj^^ 

^37;;;;::^3; and Sebesty^. .993. Bi«>«. M^- S^- ^H- ^' ;2200 

i'dcoworlcers have p^pared libraries containing - 10.pepddesa«ae -«>^200 

^diameter r«in beads. See ^ .991. 82-84; -993. 
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Bioorg , Med . Chem . Lett . 3: 419-424; and PCT patent publication No. WO 92/00091, 
each of which is incorporated herein by reference. The bead library is screened by 
incubation with a labeled receptor: beads binding to the receptor are identified by visual 
inspection and are selected with the aid of a micromanipulator. Each bead contains 50-200 
5 pmol of a single pq)tide sequence which may be determined directly either by Edman 
degradation or mass spectrometry analysis. In principle, one could create libraries of 
greater diversity using this sqiproach by reducing the dimensions of the beads. The 
sensitivity of peptide sequencing techniques is limited to 1 pmole, however, placing a 
clear limitation on the scope of direct peptide sequencing analysis. Moreover, neither 

10 analytical method provides for straightforward and unambiguous sequence analysis when 
the library building block set is expanded to include D- or otiier non-natural amino acids 
or other chemical building blocks. 

High throughput screening of collections of chemically synthesized 
molecules and of natural products (such as microbial fermentation broths) has traditionally 

IS played a central role in the search for lead compounds for the development of new 

pharmacological agents. The remarkable surge of interest in combinatorial chemistry and 
the associated technologies for gmerating and evaluating molecular diversity represent 
significant milestones in the evolution of this paradigm of drug discovery. See Pavia et 
al., 1993, Bioorg . Med . Chem . Lett. 2* 387-396, incorporated herein by reference. To 

20 date, peptide chemistry has been the principle vehicle for exploring the utility of 

combinatorial methods in ligand identification. See Jung & Beck-Sickinger, 1992, Angew. 
Chem . In£. Ed. Engl . 21: 367-383, incorporated herein by reference. This may be 
ascribed to the availability of a large and structurally diverse range of amino acid 
monomers, a relatively generic, high-yielding solid phase coupling chemistry and the 

25 synergy with biological approaches for generating recombinant peptide libraries. 

Moreover, the potent and specific biological activities of many low molecular weight 
peptides make these molecules attractive starting points for therapeutic drug discovery. 
See Hirschmanh, 1991, Angew . Chem . fivt- Ed. Engl. 3Q: 1278-1301, and Wiley & Rich, 
1993, Med. Res . Rev . 11: 327-384, each of which is incorporated herein by reference. 

30 Unfavorable pharmacodynamic properties such as poor oral bioavailability and rapid 

clearance in vivo have limited the more widespread development of peptidic compounds as 
drugs however. This realization has recentiy inspired workers to extend the concepts of 
combinatorial organic synthesis beyond peptide chemistry to create libraries of known 
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1 1d. 10997-10998 incorporated herein by reference) as well as polymenc 
^uZ.:^....^ .V- rpep-Cs. ana o,.„ca.a™a^. S^S^.. 

which U incocporaled herein by reference. ^ . f„ 

Tespi^ U,e great value U». large libraries of molecules can have for 
iaenutying usefirl compounds or impreving >he properties of a lead 
rle! Of screening s„ch libraHes, par.cn.ar., .arge ^ 
access >o such Ubraries should have nade in reducing U.e costs of. e.s., drug "^"^^ 
r:::i:pmenr. Conse<,uena.U,ed^opn,«..of.eU,c«.rorge„er..^^^^^ 
Hbraries of molecules in which each member of >he Ubrar, is «gged wnh a un que 
.^rer «g u, ..cUii-e iden,ifica«on of compounds (see PCT ^^ P~";- J° 
incorpora^d herein by re.^. see also U.S. pa.n. appli^uon ^N.. 

^ t£i iQQO ««H 7f,1 522 filed SM)tember 18, 1991, s upr^ ) mci 
946 239. filed September 16, 1992, and lueu h 

r^gr^^-^asm. - - V' , of 

^picany a combinatorial synthesis on resin beads, are expUcUy specT.^ by 
TidenL^ tag to the beads coincident wim each coupling or other product genem^g 
1^ step in U» syndesis. Bach tag specifies what happened in a reacon step <^ 

el Which amino acid monomer was coupled in a particular step of a pep ^ 
:;:^s p!<;edure. -me strucmre or identity of a compound, ^ 
JLde on an, bead can be deduced by reading the set of lags on that bead. IdeaBy, soon 

r 1 a "it— — • »-7,'r 
dLing. and are stable to reagents used in ti,e synthesis. Ihe concept of an 
; ^ucltide^ncoded chemical synthe.s was al. proposed by Br„ner andU^r. 
]^ EBS Natl. mi. S^i. USA S2: 5181-5.83. incorporated h«em by referent. 

^e;;;^ing method has been employed to show that, starting »th an 
orthogonally differentiated diamine linker. paraHe. combinatorial synthesis ^ be »s«i to 
^e^lte a Lrary of soluble chimeric peptides comprising a -^^^ ^^ ' 
0 -coding- strand. See Kerr sul- 1993. 1. AfflS- Chsffl. SsS- US- "»-2531, 

mt^ted herein by refer^tce. The coup.ing of eiti«r natura. « un.«tu«l ~a 
Jl,. to the binding strand was re«^ by building an amtno a«d code co.^.««. 
Lr ^ammo acids on ti,e -coding- str«,d. Compounds were selected from e<,u.moUr 
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peptide mixtures by affinity purification on a receptor and were resolved by HPLC. The 
sequence of the coding strand of individual purified molecules was then determined by 
Edman degradation to reveal the structure of the binding strand. An analogous peptidic 
coding scheme was also recently reported by Nikolaiev et al .. 1993, Peptide Research 6: 
5 161-170. 

Constraints on the sensitivity and throughput of the Edman procedure will 
ultimately restrict the scope of this aspect of the encoding method to analyzing libraries of 
limited diversity. The use of oligonucleotide tags offers greater promise, but improved 
methods for synthesizing oligonucleotide-tagged molecular libraries are needed. 

10 Moreover, there remains a need for alternate methodology for synthesizing and screening 
very large tagged molecular libraries. 

Where it is desirable to synthesize diverse collections of molecules on a 
plurality of solid supports such as beads, additional problems can arise. Examples of the 
use of beads with diverse molecular products synthesized thereon are disclosed in, for 

15 example, the following applications, incorporated herein by referrace for all purposes: 

U.S. Application Serial No. 07/876,792, filed on April 29, 1992; U.S. Application Serial 
No. 07/762,522, filed on September 18, 1991; and U.S. Application Serial No. 
07/946,239, filed on September 16, 1992. 

While meeting with substantial success, the techniques described above have 

20 also met with certain limitations. For example, when the synthesis of diverse products 
takes place on beads, many manual manipulations of such beads become necessary. For 
example, in U.S. Application Serial No. 07/876,792, filed on April 29, 1992, incorporated 
by reference herein for all purposes, one must suspend a collection of beads in a carrier, 
divide the beads, perform monomer addition reactions on the divided sets of beads, 

25 sometimes redivide and selectively recombine the beads thus synthesized, mix the 
recombined beads, and repeat the process. When large numbers of monomers are 
involved and when the reactions involve many monomer addition steps, manual techniques 
become extremely tedious. In addition, the "accounting" for the many products that have 
been synthesized becomes a daunting task. 

30 From the above, it is seen that improved methods and devices for 

synthesizing and screening very large tagged molecular libraries are desired. The present 
invention meets these and other needs. 
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SUMMARY OF THE INVENTION 
present invention provides improved .et.ods 

with unique, easily decoded idenufier tags, ais p 
chenuca. libraries. In an imponan. embod^en., *e .„v«^ P 

synthetic pepude Ubrary produced dy «^tide (with a defined sequence) 

individual beads selected by exploiting the abih^ ^ 

A Th« DNA tag on a sorted bead is ampUfied by the PGR and sequ 
beads. The DNA tag on a The librarv can be used, for 

example. »> «na hi^ aflini., (na^mdax) Uganda tor a ,ecep» sue. as an pep 

.0 n.o«.lona. a...^^^ ^ ^ , 

T f , dunlinr of soUd supports a eompound. U» compound l«ng 
synthesizing on each of a plurality 01 souo pi~ , process 

comprmng the sKps of. ) ^ ^ vessel to a firs. 

25 plurality of reacuon vessels (b, ~ J „,e supports in a 

ehemical buUding block; (c) pooling the supports, «.) B" ^ ^ 

«„,^c manner among the plurality of '-"^^Tt^^^^X wl-^') *»■» « 
«^on vessel to a chemical building bloc.; and (0 ^^"^^ ^„ ^ 

,..„.e.t»e„.y.m.^-.;--^^^^ 
" :r:r::c:rfrd.ese.ofaminoacids.and.heresul«ngcom.undisa 

peptide oligomer. 
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More particularly, the invention relates to certain improvements in the 
coupling chemistries associated with such methods. One such improvement relates to the 
chemistry used to remove the Fmoc protecting group from the alpha-amino group of a 
bead, linker, or growing peptide chain in such syntheses. Preferably, such removal is 
5 effected by treatment with 5 to 15%, preferably 10%, piperidine for 5 to 60 minutes, 
preferably 5 to 10 minutes, although other conditions may be employed, e.g.. 15 to 30% 
piperidine for 5 to 30 minutes. Other improvements relate to the activation chemistry of 
the peptide coupling reactions, in that when certain automated instrumentation is used to 
perform the synthesis of an oligonucleotide tagged peptide library, the invention provides 

10 for a simple mixture of HOBt/HBTU to reduce reagent supply bottles. 

In another aspect, the present invention relates to methods of synthesizing a 
tagged molecular library, wherein each molecule in the library is covalently attached to a 
solid support and is tagged with one or more different chemically inert hydrocarbon lags, 
wherein said tags comprise a variable hydrocarbon region and a molecular book. 

15 Preferably, such tags comprise a cleavable linker attaching said tag to said solid support, a 
molecular hook, and a variable length hydrocarbon chain linking said molecular hook to 
said cleavable linker. More preferred are those embodiments wherein said tag comprises 
the formula: 

20 wherein n is from 1 to 10 or more, X is a cleavable linker and R is a molecular hook. 
Such molecular hooks are preferably selected from the group consisting of biotin, a 
complement of a high association peptide pair and a protected activatable group, such as a 
photoactivatable group. Preferred cleavable linkers are photocleavable linkers 

Also provided is a method of detecting the presence of such chemically inert 

25 hydrocarbon, tags. The method comprises cleaving the one or more different tags from the 
solid support, followed by immobilizing the tags to a second solid support. The 
immobilized tags are then treated \yith an oligonucleotide sequence whereby the 
oligonucleotide sequence selectively binds to the immobilized tag. The oligonucleotide 
sequence is then amplified, and its presence is detected, wherein the presence or absence 

30 of the oligonucleotide sequence is indicative of the presence or absence of the tag. 
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Another embodiment of the present invention provides a method of 

^i':::.«on ^ «. ro. ^>». s..c.c 

Ub,ari« u. identify usrful co,npo«n<^. 1» one in,»r,a.. asp«., U« '"-n.<.n p,»v.des 
, :„ u., ^.U-od, U» 0Ug<»»=U0Me ».s fro. a poo. of ugged -""-"^^^J^ 

«.o^. oler moleca, produce may also be syn»,.i«. using U» «ch™<,ues 
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described herein whenever a molecule has a basic "building block" common to other 
related molecules. Examples include benzodiazapines, prostaglandins, and beta turn 
mimetics. 

According to one embodiment of the invention, a parent vessel is used to 
S mix bead suspensions. The mixed beads are distributed through a common manifold to a 
plurality of separate reaction vessels. In the reaction vessels, the beads are exposed to 
different, selected monomers, which react on the beads to be coupled thereto, preferably 
covalently. The beads may, optionally, be exposed to chemical "tags" which also couple, 
covalently or otherwise, to the beads. The beads are then recombined through the 

10 manifold back to the parent vessel and mixed. The mixed bead suspension is then again 
divided among the plurality of reaction vessels, and the process of monomer addition, bead 
mixing, and redistribution continues. The process results in the formation of a collection 
of beads or other substrates with a diverse set of molecules formed on the surfaces thereof. 

According to one aspect of the invention, the invention includes an apparatus 

IS and a method for synthesizing diverse molecules on substrates. The substrates are 

distributed to selected reaction vessels from a parent vessel. Reagents are then introduced 
into the reaction vessels to synthesize a portion of the molecules. The substrates are then 
moved to the parent vessel for mixing. The substrates are then redistributed to the 
reaction vessels for further synthesis. The cycles continue until a desired set of molecules 

20 are synthesized. During synthesis, the entire synthesizer is sealed from the external 
atmosphere. 

In general, the invention provides apparatus and improved methods for 
generating and screening molecular libraries in which the individual molecules in the 
library are tagged with unique, easily decoded identifier tags. 
25 A further understanding of the nature and advantages of the invention may 

be had with reference to the description and drawings below. 

DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows a schematic diagram of the synthesizer of the present 

30 invention; 

Fig. 2 shows a schematic diagram of a reagent reservoir; 
Fig. 3 shows a 3-port valve used in the synthesizer; 
Fig. 4 shows a 2-port valve used in the synthesizer; 



invention; 
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Fig. 6A Shows an alternative arrangement of a reaction vessel bank having a 
rotatable carousel holding a plurality of groups of reagent reservoirs; 

Fig. 7 shows the interconnections among a lower manifold valve, an 
injection valve, a reagent reservoir, and a reaction vessel; 

Fig. 8 shows a nonconcentric agitator; 

Fig. 9 shows the upper portion of a reaction vessel bank; 

Figs. lOA and lOB show a lower reaction vessel bracket; 

Fig IIA-IID show an optical alignment block for use with optical sensors 
to detect the presence of a liquid wititin a substantially translucent tube according to one 

aspect of the present invention; 

Fig. 12 shows a reaction vessel according to one aspect of the present 

Fig- 12A shows a temperature controlling jacket around ttie reaction vessel 

of Fig. 12; , ,_. .... 

Fig. 12B shows a cross-sectional view of the jacket and vessel of Fig. 12A, 

Fig. 12C shows an alternative embodiment of reaction vessel having a 

temperature controlling jacket; 

Fig. 12D shows a cross-sectional view of tiie jacket and vessel of Fig. 12C; 

Fig. 13 shows a parent vessel; 

Fig. 14 is a simplified diagram of the electronic hardware for controlling die 

synthesizer; 

Fig 15 shows a simplified diagram of die controller circuit; 

Fig. 16 shows die steps taken by the control computer to drain the reaction 

vessels of all liquids; 

Fig. 17 shows Uie steps taken by the control computer to clear the bottom 

manifold of material; 

Fig. 18 shows tiie steps taken by die control computer to agitate die contents 

of the parent vessels; 

Figs. 19A through 19D show die steps taken by die control computer to 

reallocate die bead suspension from die parent vessel to die reaction vessels; 
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Fig. 20 shows the steps taken by the control computer to fill the reaction 
vessels with reagents from the pressurized delivery system; 

Figs. 21A-21D schematically illustrate the steps taken by the control 
computer to fill the reaction vessels with reagents from the pressurized delivery system; 
5 Fig. 22 shows the steps taken by the control computer to introduce amino 

[ acid monomers into the reaction vessels; 

Figs. 23A-23C schematically illustrate the steps taken by the control 
computer to introduce amino acid monomers into the reaction vessels; 

Fig. 24 shows the steps taken by the control computer to transfer the bead 
10 suspension from the reaction vessels to the parent vessel for mixing; 

Fig. 25 schematically illustrates the data flow among the major modules of 
the control software; 

Fig. 26 schematically illustrates the command interpreter structure; 
Fig. 27 schematically illustrates the scheme used to access valve data; and 
15 Fig. 28 schematically illustrates the scheme used to access smsor data. 

Fig. 29 shows a device for synthesizing combinatorial chemical libraries on 
microscopic beads. The device is composed of a vacuum manifold or magnetic plate 
attached to a solid substrate having a synthesis surface having an array of reaction sites at 
which compounds can be synthesized. The partition block is composed of an array of 
20 reaction wells corresponding to said reaction sites and is used to partition library members 
after each mixing step. The device can also be used to aid the synthesis of tagged 
chemical libraries. 

Fig. 30 illustrates the use of NMR to monitor the stability of 
thiazolidinones. Panel C shows the NMR spectrum of support bound thiazolidinone 
25 which has been doubly labeled with a atom at the position 2 of the ring and at the 
position alpha to the carbon yl of the linker (labeled positions are indicated with a "*"). 
Panel B shows the NMR spectrum of support-bound doubly labeled thiazolidinone after 
treatment with 95% TFA for 1 hour. Panel A shows ^^C NMR spectrum of support bound 
doubly labeled thiazolidinone after 40 cycles of DNA synthesis. 
30 Fig. 31 further illustrates the use of "C NMR to monitor the stability of 

thiazolidinones. Panel C shows the "C NMR spectrum of support-bound thiazolidinone 
which has been doubly labeled with a "C atom at the position 2 of the ring and at the 
position alpha to the carbonyl of the linker (labeled positions are indicated with a '"^"). 
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p„e, B U,e "C NMK specu.. of .^n-bound douM, ^ "^"^ 

l ™nu» pHo«,Wsis in PBS buffer. P».e. A shows "C NMR sp^m of suppon bou,K. 
doubly labded *>azolidinone after 3 hours of photolysis m PBS buffer. 

Fig 32 shows an HPLC trace for the reaction mixture produced by 
subjecting a support-bound thi^lidinone to 40 cycles o, DNA synthesis ^ 3 hour 

photolysis in PBS buffer. implemented on the 

Fig 33 illustrates a graphic user mterfece ( GUI ) as imp» 
control computer. As shown, the GUI includes a rectangular window 1301 with a 
workspace 1303. At the top of «,e window is a menu bar 1305 with 
lices 130^.313. Each o, these command choices include additional submenu fo^ 
contromng the operations of the synthesis. A user can program the synthest^r by 

selectine the appropriate command choice with the mouse. 

selecung the P^^ ^ ^^^^^^^ ^^^^ ^ 

Fig 35 depicts the dialog box for rumiing a macro. 

Fig 36 depicts the GUI. showing the submenu options in the Groups menu. 
Fig. 37 depicts the GUI, showing the submenu options in the Variables 

Fig. 38 depicts the GUI. showing the submenu options in the Diagnostics 

Fig. 39 depicts the valve diagnostic screen. 
Fig 40 depicts the sensor diagnostic screen. 

Fig 41 depicts the GUI. showing the submenu options in the File menu. 
Figs 42-44 show the dialog boxes involved in setting up a synthesis, 
allowing U.e user to select ti.e reaction vessels to be used in the synti,c«is (Fig. 42). select 
the start, loop and end macros (Fig- 43) and enter the amino acid symbol and 
oUgonucleotide code for each reaction vessel (Fig. 44). 

Fig. 45 depicts the GUI. showing the submenu options m the Synthesis 



menu, 
menu 



menu. 



30 



Fig. 46 depicts the status display during a synthesis or macro execution. 
Fig 47 depicts the User Abort dialog box. 
Fig 48 depicts the GUI. showing the submenu options in the Edit menu. 
Fig. 49 schematically illustrates the data flow among the major modules of 
the control software in a Windows" environment. 
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DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
The present invention relates generally to improved methods for generating 
and screening tagged chemical libraries. The present invention also relates to a device 
useful in synthesizing collections of diverse molecules, such as the described tagged 
5 chemical libraries. 

To appreciate the value of the improved methods, one must understand not 
only the basic methodology for making and using tagged libraries but also how the various 
steps of synthesis and screening interact and how the selection of reagents impacts the 
results achieved. Tagged chemical libraries are often synthesized on a solid support, and 
10 the choice of support and linker is critical to success. A linker can be used to attach the 
support to the tag, to attach the support to a library molecule, or, in an embodiment where 
there is no solid support, to attach the tag to a library molecule. The choices relating to 
chemical building blocks, tags, and synthesis methods can be equally critical and are also 
impacted by the nature of the solid supports and linkers available. The assays and 
15 applications for which the tagged libraries are intended also impact these choices, as well 
as the instrumentation and reagents available. 

Although the apparatus and methods of the present invention are illustrated 
primarily with regard to the synthesis of oligonucleotides and peptides, the invention is not 
so limited. The invention will find application in the synthesis of materials such as 
20 polysaccharides, phospholipids, polyurethanes, benzodiazapines, prostaglandins, and beta 
turn mimetics, and other materials. Cyclic materials may be formed as disclosed in U.S. 
Patent No. 5,242,974 (Holmes), incorporated herein by reference. 

The use and synthesis of diverse materials such as oligonucleotides and 
peptides is disclosed in further detail in the following copending applications, which are 
25 incorporated herein by reference for all purposes: U.S. Application Serial No. 

07/876,792, filed on April 29, 1992; U.S. Application Serial No. 07/762,522, filed on 
September 18, 1991; and U.S. Application Serial No. 07/946,239, filed on September 16, 
1992. 

The description of the invention is provided indicated by the foUowin 

30 outline: 



OUTLINE 

L Overview of a Synthesis of a Tagged Chemical Library 
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n. The Solid Support 

A. Types 

B. Linkers 

C. Molecular Supports 

5 m. The Chemical Building Blocks 

A. Oligomers and Monomers 

B. Other Building Blocks 

IV. The Tag 

V. Synthesis Methods 

10 A. Oligonucleotide Tagged Peptide Libraries 

B. improved Method for Synthesizing Oligonucleotide- 
Tagged P^tide Libraries 

C. Small Molecule Syntheris 

D. Methods for Generating Soluble Ubraries 

15 VI. Assay Methods 

A. Screening Assays for Bead-based Ubraries 

B. Screening Soluble Molecules 

C. Screening Natural Product Libraries 
vn. Instrumentation and Reagents 

20 Vm-Apparatus for Parallel CoupUng Synthesis Reactions 

Examples 
End of Outline 
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in addition to the ouUine above, the following glossary is provided to 
facilitate the description of the invention, and a number of ^ ^ ™„ 

defined to have the general meanings indicated as used herem to descrrbe the mvenuon. 

AbbrLiOM: HBTU.O-(benzotriazol-l-yl)-U.3>tetramethylurom^^^^ 
hexafluorophosphate; HOBt, 1-hydroxybenzotriazole; HATU. lO-a-azaben^m^azol-l-ylV 

1 1.3,3-tetramethyluroniumhexafluorophosphate; TFA. trifluoroacet^c J^^-^ 
^clroacetic acid; DIBA, diisopropylethylamine; DMP. ^^-^y—^;';-' 
9-fluorenylmethyloxycarbonyl; DMT. dimethoxytrityl; Trt. trotyl; Bz, benzyl. Pmc, 

2 2 5 7,8-pentamethylchroman-6-sulfonyl; 'Boc. rm-butyloxycarbonyl; PBS. 
pLJsphate-buffered saline; BSA. bovine sen,m albumin; mAb. monoclonal anttbody. 



wo 95/12608 PCT/US94/12347 

15 

Complementary or substantially complementary : These terms refer to the 
ability of one compound to bind to another, e.g., as a ligand binds to its complementary 
receptor. Typically, these terms are used in connection with a description of base pairing 
between nucleotides of nucleic acids, such as, for instance, between the two strands of a 
5 double stranded DNA molecule or between an oligonucleotide primer and a primer binding 
site on a single stranded nucleic acid to be sequenced or amplified. "Complementary" 
nucleotides are, generally, A and T (or A and U), and C and G, but there are a wide 
variety of synthetic or modified nucleotides with binding properties known to those of skill 
in the art. "Substantial complementarity" exists when an RNA or DNA strand will 

10 hybridize under selective hybridization conditions to a complementary nucleic acid. 

Typically, hybridization will occur when there is at least about 55% complementarity over 
a stretch of at least 14 to 25 nucleotides, but more selective hybridization will occur as 
complementarity increases to 65%, 75%, 90%, and 100%. See Kanehisa, 1984, Nucl. 
Acids Res . 12:203, incoiporated herein by reference. Highly selective hybridization 

15 conditions are known as "stringent hybridization conditions", defined below. 

Epitope : This term is used to describe a portion of an antigen molecule 
delineated by the area of interaction with the subclass of receptors known as antibodies. 

Identifier tag : In the most general sense, this term is used to denote a 
physical attribute that provides a means whereby one can identify a chemical reaction, such 

20 as a monomer addition reaction an individual solid support has experienced in the synthesis 
of an oligomer on that solid support. The identifier tag serves to record a step in a series 
of reactions used in the synthesis of a chemical library. The identifier tag may have any 
recognizable feature, including for example: a microscopically or otherwise distinguishable 
shape, size, mass, color, optical density, etc.; a differential absorbance or emission of 

25 light; chemically reactivity; magnetic or electronic properties; or any other distinctive 
mark capable of encoding the required information, and decipherable at the level of one 
(or a few) molecules. A preferred example of such an identifier tag is an oligonucleotide, 
because the nucleotide sequence of an oligonucleotide is a robust form of encoded 
information. An "identifier tag" can be coupled directiy to the oligomer synthesized, 

30 whether or not a solid support is used in the synthesis. In this latter embodiment, the 
identifier tag can conceptually be viewed as also serving as the "support" for oligomer 
synthesis. 
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This tenn is used to denote a molecule that is recognized by 
. , »«t«r The aeent bound by or reacting With a 

^ „ called a hg»^d^ ^ „ 

, venoms, vi^ epi»P=s, honnon., suga«, co^c»rs. peptide en^n,e sub.»«es. 

acids, or syntheacan-ino acids. As»«d.«re.n. — oTL an-ino Lids fo™ a basis 

^ :::rorj:i:=:.r:".p,::di„.ep.ese„;»»^^ 

: a. us^i . dene nK,.ec„.es a« 

polyamides, po.ye,hy.e„ei.i„es, poIya,v.e.e suifides. ^•^^'^•^'^^ ^ 
30 ^iyaeeu,.. o».r po,ya,e,s. as «i.. b. rcadii, apparent u. oae s.=U.ed m U« an .po 

°' "^^ ™s «™ is used » deno« a. o«so.er in wHi* d>e — s 

are alpha an,ino acids Joined ,o.e*er through a.ide bonds. A "peptide- can aiso he 
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referred to as a "polypeptide." In the context of this invention, one should appreciate that 
the amino acids may be the L-optical isomer or the D-optical isomer. Peptides are more 
than two amino acid monomers long, but more often are more than 5 to 10 amino acid 
monomers long and can be even longer than 20 amino acids, although peptides longer than 
5 20 amino acids are more likely to be called "polypeptides." Standard single letter 
abbreviations for amino acids are used (e.g., P for proline). These abbreviations are 
included in Stryer, Biochemistrv . Third Ed. (1988), which is incorporated herein by 
reference. 

Oligonucleotides : This term is used to denote a single-stranded DNA or 
10 RNA molecule, typically prepared by synthetic means. Oligonucleotides employed in the 
present invention will usually be 50 to 150 nucleotides in length, preferably from 80 to 
120 nucleotides, although oligonucleotides of different length may be appropriate in some 
circumstances. For instance, an oligonucleotide tag can be built nucleotide-by-nucleotide 
in coordination with the monomer-by-monomer addition steps used to synthesize the 
15 oligomer. In addition, very short, i.e., 2 to 10 nucleotides, oligonucleotides may be used 
to extend an existing oligonucleotide tag to identify a monomer coupling step. Suitable 
oligonucleotides may be prepared by the phosphoramidite method described by Beaucage 
and Carrutiiers, 1981, Tetr . Lett. 22: 1859-1862, or by the triester metiiod, according to 
Matteucci et al ., 1981, I. Am. Chem . SQ£. liS:3185, both incorporated herein by 
20 reference, or by other methods such as by using commercial automated oligonucleotide 
synthesizers. 

Operably linked : This terms refers to a functional relationship between one 
segment of a nucleic acid and another. For instance, a promoter (or enhancer) is 
"operably linked" to a coding sequence if the promoter causes or otherwise positively 

25 influences the transcription of the coding sequence. Generally, operably linked means that 
the nucleic acid segments or sequences being linked are contiguous and, where necessary 
to join two protein coding regions, contiguous and in reading frame. 

Parallel Coupling : This phrase refers to the simultaneous coupling of two 
building block compounds to separate distinct points on a substrate. Such a substrate may 

30 be a solid support having distinct groups to which these building blocks are attached, or 
may constitute another chemical compound possessing two distinct groups where each 
building block independentiy attaches. Simultaneous coupling refers to the coupling of two 
compounds to such distinct points prior to the addition of a new building block compound 
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„ .he Brs. coupled buMtag block. Thus, U» .e™ "simultaneous- as used u, 0,1s coh»« 
: Z U, L sense d,. .e .o buUdh. bloc, .e coupled wl.h — ' 

Baaaaat: This tem, refers .o a molecule ,ha. has a specfc affmiflr for 
riv«,li«a„d Rec.p».rsmaybenamrall,occurriuso,syn,heacmol«,uto. Recep«.rs can 
5 rJlC in 0.e' unal^red namra. oris„la«d su.e or as a.grega«s «im ^ 

^HL, be allached, covalenO, or nonc^enU,, lo olher subs^ces. of 
^ 0.. can be employed In d.e n»d,od of «.e presen. invenUon Include bu. ^ 
LL. .o. andbodles. eel men,hrane receptors, nonoclonal anUbodres. an«^ reacve 
»d, specifrc antigenic detemnnan« (^h as on vir„s«, cells, or oO^r malenals), 

ZZ^. Recep»sareals„l=«».as-and.«gands." * "^t" ^ JLular 
foL«. «hen ~o molecules, W^y n«c>omo.ecul.s. have con,b.n«. trough mol«»^ 
r^d™, u. fonn a complex. 0««r «.an,ples of receprors include, but are no. re«r,«^ 
t^nspon pro,^ or ^tzyntes essendal » survival of micro«gan.s.s for whrcb 
,5 andbiodcs are needed-, me binding sice of an, enzyme; U,e ligand-binding s,te on an 
andbody molecule-, a nucleic «id-. a ca^lytic polypeptides as described tn ^-J^- 
1991. 252= 659. incorpom^. herein by reference; and hormone receptors such as 

the receptors for insulin and growth hormone. 

^^^^^^.........nnor.: Tltese terms denote a material havtng a „g«. or 

20 semi-rigid sur.^. Such m«erials will preferably take U.e form of st^l beads, pellets, 
disks or od»r «mvenie». forms, although o»,er forms may be used. In some 
emb^imenu. a. leas, one sur.^ of Ote substiate can be substantially fla.. A roughly 

'T|;,;;;!^'7-'-'-„.H„„ auditions: This phrase refers to highly selective 
25 hybridization conditions in which nucleic acids remain stably bound in a^on w-h 
jher nucleic acMs <or oUier segment of d» same nucleic acid, only if die 
seouences are p«fecOy or highly (i e.. greater U«n 80«) complementary. condttions 
^Ly indud^sal. concentrations of less than abou. 1 M. such as less ^ 50O mM. 
Z ofl include sal. concentrations o, less than 200 mM. The ""'^'^ 
30 for oUgomers will typically be greater *an 22" C. such as greater ti«^ about 30 C a^ 
„i„.Lbeine.cesso,abou.37-C. X^ger fragments may require higher by ndr-on 
^nperatiires for specific hybridiz«ion. As oO«r ^ors may drama.,ca.^ affect die 
Stttagem^y of hybddization <such ftcBrs include base composition, length of 0.e 
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complementary strands, presence of organic solvents, and extent of base mismatching), the 
combination of factors is more important than the absolute measure of any one factor 
alone. 

Synthetic : A compound is "synthetic" when produced by in vitro chemical 
5 or enzymatic synthesis. The synthetic libraries of the present invention may be contrasted 
with those in viral or plasmid vectors, for instance, which may be propagated in bacterial, 
yeast, or other living hosts. 

1. Overview of the Synthesis of a Tagged Chemical Library 

10 

The present invention relates generally to methods for synthesizing and 
screening tagged chemical libraries. In essence, each "book" of a chemical library of the 
invention consists of a chemical or molecule of interest, a tag identifying the chemical or 
molecule of interest or some important aspect thereof, and a linkage between the chemical 

15 or molecule of interest and the tag. In one important embodiment, the chemical or 
molecule of interest is an oligomer such as a peptide, the tag is an oligomer such as a 
nucleic acid, and the linkage is a solid support or particles, from which oligomers and tags 
may optionally be cleaved, e.g., to facilitate detection or to provide a soluble library. 
Such libraries c<m be screened to isolate individual oligomers that bind to a receptor or 

20 possess some other desired property. A general method for producing a tagged chemical 
library is illustrated by the production of a large, highly diverse collection of oligomers, in 
which each different library member is an oligomer with a unique monomer sequence 
relative to other library members (although the library will typically comprise duplicate 
"books"). Such a library or collection may contain, for example, all combinations of X 

25 different monomers in a set of monomers assembled into length n oligomers yielding, X° 
different compounds. The collection may also contain oligomers having different 
monomer units at, for example, only one or a small number of positions, while having an 
identical sequence at all other positions. 

A general method for synthesizing such collections of oligomers typically 

30 involves a random combinatorial ("stochastic") approach and the chemical and/or 
enzymatic assembly of monomer units. One process comprises the steps of: (a) 
apportioning a plurality of solid supports among a plurality of reaction vessels; (b) 
coupling to the supports in each reaction vessel a first monomer and a first tag using 
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different first mor^omer and tag combinations in ^ch different reaction vessel- (O pooUng 
the supports; (d) apportioning the supports among a plurality of reacUon ^^^'^'^^^ 
coupUng to the first monomer a second monomer and coupling to either the soUd support 
or to the first tag a second tag using different second monomer and second tag 
5 combinations in each different reaction vessel; and optionally repeating the coupling and 
apportioning steps with different tags and different monomers one to twenty or more ttmes. 
Typically, substantially equal numbers of solid supports will be apportioned to each 
reaction vessel. Those of skill in the art recognize that the same chemical building block 
can be employed in different coupling steps and that the same chemical buUding b ock can 
10 be employed in more than one coupling reaction (reaction vessel) of a single coupbng step. 

TO visuaUze the method more readily, one might first consider the stochasuc 
synthesis of an untagged Ubrary of all oligomers three residues in length, assembled from a 
monomer set of three different monomers: A. B, and C. Three aliquots of beads are 
apportioned among three reaction vessels, and monomer A is coupled to the beads m the 
15 first reaction vessel. B is coupled in the second, and C in the third. The beads from all 
the reaction vessels are then pooled. The pool contains approximately equal numbers of 
three different types of beads, with each type characterized by the monomer coupled to the 
bead. The pool is mixed and redistributed to the separate monomer reaction vessels, each 
containing A. B, or C as the next monomer to be coupled. 
20 Following this coupling reaction, each reaction vessel now has beads with 

all three different monomers in position one and the monomer contained in each particular 
second reaction vessel in position 2. All beads are pooled again, producing a mixtiire of 
beads each bearing one of the nine possible dimers. The pool is again distributed among 
the three reaction vessels and coupled to the three different monomers, producing the 
25 complete set of all trimers of ti.e three monomers (3' = 27). As can be leadUy 

appreciated. ti.e use of a sufficienUy large number of synthesis beads helps to ensure that 
ti.e set completely represents ti.e various combinations of monomers employed m this 
random, stochastic, combinatorial synthesis scheme. 

Modifications of tiiis completely random approach are also possible. For 
30 example, the monomer set may be expanded or contracted from step to step; or the 

monomer set could be changed completely for the next step (e.g.. amino acids in one step, 
nucleosides in anotiier step, carbohydrates in another step), if the coupling chemistry were 
available. A monomer unit for peptide syntiiesis. for example, may include single ammo 
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acids or larger peptide units, or both. One variation is to form several pools of various 
sequences on solid supports to be distributed among different monomer sets at certain steps 
of the synthesis. By this approach, one can also build oligomers of different lengths with 
either related or unrelated sequences, and one can fix certain monomer residues at some 
5 positions while varying the other residues, to construct oligomer frameworks wherein 
certain residues or regions are altered to provide diversity. 

The synthesis of a tagged chemical library often involves such combinatorial 
synthesis steps. Because the identifier tag can be easily decoded to report the identity of 
each oligomer, however, tagged chemical libraries can be significantiy larger and more 

10 complex than untagged libraries. In fact, the present methods for synthesizing encoded 
synthetic libraries of compounds makes possible the screening of large collections of 
non-sequenceable compounds produced by multi-step synthesis. 

In particular, the use of oligonucleotide tags and oligonucleotide encryption 
provides a powerful mechanism for recording the structural identity of every member of 

15 vast library of tethered compounds, especially peptides, generated through a combinatorial 
synthesis. The methods are broadly applicable to encoding the combinatorial assembly of 
other non-peptidic structures, providing the parallel synthetic schemes remain orthogonal 
and compatible. The net outcome of a combinatorial synthesis is unambiguously defined 
only for a sequence of reactions that each proceed in very high yield to afford single 

20 products. This situation is approximated with standard peptide and DNA synthesis 

chemistries, and the resulting product structures are explicitly specified by the order of the 
building blocks and/or coupling reactions used in the synthesis. 

However most synthetic organic reactions are more idiosyncratic, giving 
variable yields and frequenUy multiple products (such as regio- and stereoisomeric 

25 structures). Using such chemistry to synthesize combinatorial libraries on solid supports 
yields a mixture of products on each bead in the library. In the most general case, the 
encryption of a synthesis may not uniquely specify the chemical structure of an associated 
entity. Rather, the encryption process may more accurately be viewed to encode the exact 
synthetic protocol (e.g., reagents, reaction conditions, etc.) by which a member of the 

30 library was constructed. The library is screened to identify "active recipes" that then can 
be reproduced on a preparative scale and fractionated (if necessary) to isolate the bioactive 
component(s). The encoded library technologies have considerable potential to expand the 
scope of combinatorial chemistry and its applications to drug discovery and the 
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iLuon. such as U« us. an. choice of soUd suppom in l.bra^ syn«»s.s. 



5 n. The Solid Support 
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■ Typically, .he ugged chemical lib,aries of U,e inventton a« composed of a 
„ Of -solid suppo,.", such as heads o, ^des. Such soUd supp^ ^ of 
3,.. shape, al^ough U,ey will preferably be roughly sphehcal. The support ^ n« 

be hoLsenous in size, shape, or co.posi.ioo-, a.U.o».h .he supports u^, 
and prefeLly v.." be uniform. .» some embodiment, support *a. are very um^ 
si» may be paracularly preferred. In a„o»«r emhodimen.. however, b.o or more 
rLncu; diJeren, pop^ons of so«d supports may be used for — - • 

solid support may he compose, of a single parUcle. or rvo o, more -""^'^ . 

SoUdsuppom may consist of many ma»rials.limi.edpnn,ar., by capac,., 

for derivatizaaon to attach any of a number of chemically reactive groups and 

compatibility with the chemistry of oBgomer or od,er molecular 

attachment Suitable support materials include glass, latex, heavdy -->-^ 

polystyrene or similar polymers, gold or ottter colloidal metal parttcles, and other matenals 

C!„ those sldUed in the art. Except as otherwise noted, the —'^"^ 

groups wid, which such soUd suppom may be deriva.^ are Utose commonly us«^ for 

sId Ite synthesis of the respcedve molecule or oligomer and U.US wUl be 

Ise silled in dte art. The »m "solid support" as used herein embraces a p^Ce »th 

Sites for Oligomer synthesis and, in some embodiments tag »-*--^ 
s^dtLs. T^ere are various solid supports useful in preparaUon of the s,nth«.e oUgome, 
Traries of the present invenUon. Solid support are commonly used for soUd pha« 
syndesis Of. for ex^ple. peptides and nucleic acids and od-er oligomers as e„um««ed 
Ive, ana d,us are well Icnown .„ U.ose sailed in .he a,. The solid -PP- j' ^ 
, present invention ao not include living ceUs, viruses, or cloning ««ors such as phage 
vectors or plasmids. Monobeads" (commercially avaiteble from Pharmaaa Fu» 
Chemic^s AB, uppsala Sweden, or ««ir e,uivalent. are particularly useful as soUd 
support for the various aspect of Ute ptesent inve„ao„. Monobeads" provde good soe 
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homogeneity and a small size, lO^m. Further, these Monobeads™ do not clump in either 
organic or inorganic solvents, and provide a suitable support for both oligonucleotide and 
peptide synthesis. Finally, Monobeads"* provide very high loading of primary amines (100 
nmole/mg). 

One important aspect of the particular solid support chosen for practicing the 
invention is the size of the support. With enough solid supports and efficient coupling, 
one can generate complete sets of certain oligomers, if desired. In general, the solid 
support size is in the range of 1 nm to 100 /zm, but a more massive solid support of up to 
1 mm in size may sometimes be used. The appropriate size of the solid support depends 
on (1) the number of oligomer synthesis sites and identifier tag attachment sites desired; 
(2) the number of different compounds to be synthesized (and the number of solid supports 
bearing each oligomer that are needed for screening); and (3) the effect of the size of the 
solid supports on the specific screening strategies [e.g., fluorescence-activated cell sorters 
(FACS)] to be used. 

As a specific example, solid supports of 1 /nm in diameter may be used in 
the method. If each reaction vessel contains approximately 0.2 mL of solid supports, and 
the oligomers are synthesized from a set of 50 monomers (50 parallel reactions), then a 
total of 10 mL of solid supports, or approximately 10" solid supports, would be required. 
If one wishes to make hexamers with these 50 monomers, then there are over 1.5 x 10*° 
possible sequences, and each specific sequence would be represented on about 10^ solid 
supports. An estimated capacity of each bead, based on the capacity of commonly used 
peptide synthesizing resins, is about 0.1 pg of peptide per bead. By this estimation, then, 
each solid support would have about 100 amol or 10^ oligomer chains. 

To improve washing efficiencies, one could employ nonporous beads or 
other solid supports less porous than typical peptide synthesis; however, for certain 
applications of the invention, quite porous beads, or resins .work well and are often 
preferable. Nonporous supports will have a lower density of growing chains, but even 
with a decrease in capacity of several orders of magnitude, sufficient oligomer densities 
can be produced for efficient screening. With the less porous supports, a greater 
proportion of the oligomers will be accessible for binding to the receptor during the 
screening process. Also, the less porous supports will reduce the carryover of tags fi-om 
one reaction to the next, thus improving the accuracy of reading the dominant (correct) 
tags. 
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AS no,ed above, »o*.r embcdin,e„, involves U,c use of mo soUd su,^. 
such as be».s, a. physically linked .ogeUie,. one wiU, synthesis si<^ (or B^) 
^ molecule or oligomer and one wiih a,uch.en. sites (or linkers, , or .he .d»^ 
BB(s) This arrangemen, allows me segregation of mole«.les or oUgomers aru. .den««er 
^ into discre^ -zones- and pem,i,s the use of widely di,f««« 

and che^is^es for anach^ent. T.. solid snpporU can he derrvamed s^, 
L L linked under conditions where a., or nearly all of e,e synUiCSiS 
have a ,ag-a,tachn,en, solid support in U.W. The soUd supports can he of d.ff««.t as 

for e.a. > ^ ""^ «>' '^'^S^^ 

,„ one enthodin-ent. d,e firs, solid sup^r, »m have a, tost one attached anuno 

acid and the second solid support will have M least one attached nucleotide. 

The mode of linking the n»o beads is constiained by the chemtsoy of 
oUgomer synthesis. The most obvious means of linking the b«ids is with a 
heterobifnnctional cross-Hnking agent (for examples of such agents, see ElSBS 

pp. E10-E18 (1991), '"^-^ 
dominant chemically reactive groups on each species of solid support. Such cross-Unkmg 
ag«.ts can serve a vahety of purposes, as indicat«l by the following section. 



B. Linkers 

,0 When bound to a solid support, tite oligomer and its associated tag are 

attach .0 the suppon by means of one or more molecular Unken. Tt.. tinl^ 
„»Jle. prior to attachment, has an appropriate functional group a. each end. one gro^ 
^Iropri^te for attachment to the support and the other group appropriate for .tt^m«iUo 
thToUgomer or tag. In some embcKlimenu. cleavable linkers wiB be used to tolrtate »t 

25 assay or detection step. 

Given the wide availability of diverse Unking reagents, one can Unk the 
identifier tags either ,0 a,e oligomer or other library compound of interest or ti> ti» sobd 
suppon or to a pre-existmg tag. For instance, the identifier tag may be at»ch«l to a 
monomer incon«ratod into an oligomer or to a building block incorpooted .nto a 
30 non-oligomerio compound. For peptidlc oligomers. U>e side Cham o, a cystetne rescue 
provides a convenient site for tag attachment. In other instances, the tag could even he 
tuched so as to cap a small numb« of the oligomer chains, providing ti,e 
amount of net synthesis of the desired oligomer could be readUy toletated. One can «.ach 
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the tag directly to the linker that binds the oligomer (or other compound of interest) to the 
solid support. In this embodiment, the linker has, prior to attachment, a third functional 
group appropriate for the attachment of the identifier tag. 

One can of course incorporate a wide variety of linkers, depending upon the 
5 application and effect desired. For instance, one can select linkers that impart 

hydrophobicity, hydrophilicity, or steric bulk to achieve desired effects on properties such 
as coupling or binding efficiency. In one aspect of the invention, branched linkers, i.e., 
linkers with bulky side chains such as the linker Fmoc-Thr(tBu), are used to provide 
rigidity to or to control spacing of the molecules on a solid support in a library or between 

10 a molecule and tag in the library. 

As noted above, cleavable linkers can be employed to useful effect. 
Preferred photocleavable linkers of the invention include 6-nitroveratryloxycarbonyl 
(NVOC) and other NVOC related linker compounds (see PCT patent publication Nos. WO 
90/15070 and WO 92/10092; see also U.S. patent application Serial No. 971,181, fUed 2 

15 Nov. 1992, incorporated herein by reference). In another embodiment, the linkers are 
nucleic acids with one or more restriction sites, so that one portion of a library member 
(either the tag, the oligomer or other compound of interest or both, or the solid support) 
can be selectively cleaved from another by the appropriate restriction enzyme. This novel 
nucleic acid linker illustrates the wide variety of linkers that may be employed to useful 

20 effect for purposes of the present invention. 

C. Molecular Supports 

As noted above, the invention can also be carried out in a mode in which 
there is no solid support, and the tag is attached directly (typically through a linker) to the 
25 oligomer or other molecule being synthesized. Alternatively, the oligomer or other 

molecule and its associated tag. can be synthesized on a solid support and then cleaved or 
otherwise removed from the solid support prior to screening or other use. Such methods 
are described more fully below. Regardless of whether a solid support is present, the size 
and composition of the library will be determined by the number of coupling and mixing 
30 steps and the monomers or other building blocks used during the synthesis. 
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A. Oligomers and Monomers 

The wide applicability of the present inventions is perhaps most teadUy 
grasped by considering the synthesis and screening of large liberies of diverse oligomers 
and polymers. Oligomers are polymeric compounds composed of monomers; for 
biological polymers, the sequence of the monomers in an oligomer often specifies 
important biological properties. Preferred oligomers of interest include pcpUdes. 
oligonucleotides, oligo N-substituted glycines, and polycarbamates. As noted above, for 
purposes of the present invention a monomer is any member of a set of molecules that can 
be joined together to form an oUgomer or polymer, i.e.. amino acids, carbamates, 
sulfones, sulfoxides, nucleosides, carbohydrates, ureas, phosphonates. Upids. esters, 
combinations of the same, and the Uke. Thus, the monomers may be of any type that can 
be appropriately activated for chemical coupUng or accepted for enzymatic couphng. 

This method of assembling oligomers from many types of monomers 
requires using the appropriate coupling chemistry for a given set of monomer units or 
buUding blocks. Any set of buUding blocks that can be attached to one another m a 
step-by-step fashion can serve as the monomer set. The attachment may be mediated by 
chemical, enzymatic, or other means, or by a combination of any of these means. The 
resulting oUgomers can be linear, cyclic, branched, or assume various other conformations 
as will be apparent to those skilled in the art. 



25 



30 



B. Other Building Blocks 

The invention is described herein primarily with regard to the preparation of 
molecules containing sequences of amino acids, but the invention can readUy be applied to 
the preparation of other oligomers and to any set of compounds that can be synthesized m 
a component-by-component fashion, as can be appreciated by those skUled in the art. For 
instance, compounds such as benzodiazepines, hydantoins. and peptidylphosphonates can 
be prepared using the present methods (see U.S. patent application Serial No. 08/119.700. 
filed 9 Sept. 1993. which is a continuation-in-part of Serial No. 081.577. filed 21 June 
1993. now abandoned, which is a continuation-in-part of U.S. Patent No. 5.339.115. each 
of which is incorporated herein by reference. 
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In one embodiment, the present method can be used to create libraries of 
branched polymers. While in many instances libraries of linear polymers, such as 
peptides, are quite useful, with more than 3-4 residues, the shape of these linear molecules 
becomes long and narrow. Most drugs do not have such an extended shape, perhaps due 
5 in part to the high degree of flexibility of the molecules. Branched backbone polymers can 
result in molecular shapes similar to known drugs. Thus, in one embodiment* the presrat 
invention relates to the incorporation of monomers with at least three functional groups to 
which other monomers can be attached. 

If one uses such monomers exclusively, however, then the fiilly branched 

10 synthesis will always result in a high ratio (relative to the other monomers used in the 
synthesis) of the last monomer coupled. One could of course incorporate mixtures of 
different branching monomers to alter this ratio, but then one might have more difficulty in 
identifying the structure of a compound of interest, i.e., the more complex the mixture of 
branched monomers, the less information the tag may provide about the particular 

IS compound synthesized. In an improved method of the invention, one incorporates a 
mixture of two monomers — one capable of branching and one not — at each monomer 
coupling step, producing a library comprising a great diversity of shapes with highly 
informative tags. In this case, the tag would specify the monomers present at each 
coupling step but not whether the monomer was capable of branching. However, a simple 

20 resynthesis using only those monomers contained in the selected set of compounds from 
the first library would readily identify the structure of those compounds. 

rv. The Tag 

25 The identifier tag has a recognizable feature that is, for example, 

microscopically or otherwise distinguishable in shape, size, mass, charge, or color. This 
recognizable feature may arise from the optical, chemical, electronic, or magnetic 
properties of the tag, or from some combination of such properties. In essence, the tag 
serves to label a molecule and to encode information decipherable at the level of one (or a 

30 few) molecules or solid supports. By using identifier tags to track the synthesis pathway 
that each member of a chemical library has taken, one can deduce the structure of any 
chemica^in the library (i.e., the sequence of monomers of any oligomer) by reading the 
identifier tag. 
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one can construct microscopically identifiable tags as small beads of 
^gnizably different sizes, shapes, or colors, or labeled with bar codes, tags ca^ be 
3ine ridable" luminescent or radioactive labels. The identifier tag can also be ^ 
:lble molecular structure. The in— may be encoded in the size of 
5 a polymer) or the composition of the molecule. Perhaps the best example of 

Of tag is a nucleic acid sequence, i.e.. RNA or DHA assembled from natural or 

chemical library, consider for example, the use of micros«,pically ^^^^^ 
.0 alphanumeric tags that are attached to each bead in an ohgomer synth^.. 

n^eans that a bead participated in the A-monomer reaction at step 1. C2 means that a 

means inai a uca y r means B-monomer was 

bead participated in the C-monomer reacuon at step 2. and B3 means B 

added in step 3. and so on. At the end of a 3-step synthesis, one bead would have th- 
added m p . ^he sequence of the peptides on the 

iaenafi^ Ugs 3« needed as n,onom«s. a«. d,e identifier ug . a^^nbled n. a »ay ^ 
20 reserves O-eiecord of wl.«".onon>o«as added, and in which addmonsBp 
.0 ^esO. .^.^^i^^^pHsedofavartetyofUgM-addressabl. 

^.ecules. s.ch as fluo«scent or phosphorescent compounds. d,e specual pn.pe«« of 
^ch can ^ Changed (e.g. . photohieaching) and therefore used .o store ">~- 
Lch are used «, ntar. each head o, other soiid sup^r. in the iihrary. In one such ™ode. 
25 a h««. incorporates a variety of fluorophors. each of which can b. sele«.v*r 

photohleached, a«< so rendered incapahie of nuoresc«,ce or of d.n„n.sh«. nu,«sc«,ce. 

During each coup.ing or chemical reaction step. Ute bead is ur^^ (or n«) » 

pho»h.each ,or not, one or more ZT^'!:.,. 
monomer identity in the oligomer synthesized. See SsiSDSe 

30 incorporated herein by reference. 

The identifier tags therefore identify each monomer couphng or other 

reaction step that an individual library member or solid support has expe^en^ -d record 
Uie step in the synthesis series in which each monomer was added or other chemical 
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reaction performed. The tags may be attached immediately before, during, or after the 
monomer addition or other reaction, as convenient and compatible with the type of 
identifier tag, modes of attachment, and chemistry of oligomer or other molecular 
synthesis. As noted above, the identifier tag can be associated with the oligomer through a 
5 variety of mechanisms, either directiy, through a linking molecule, or through a solid 
' support upon which the oligomer is synthesized. In the latter mode, one could also attach 

the tag to another solid support that, in turn, is bound to the solid support upon which the 
oligomer is synthesized. The identifier tag is added when the solid supports that have 
undergone a specific monomer addition or other chemical reaction step are physically 

10 together and so can be tagged as a group, i.e., prior to the next pooling step. 

In some cases, of course, when only a small number of monomer units of 
an oligomer are varied, one may need to identify only those monomers which vary among 
the oligomers, as when one wants to vary only a few amino acids in a peptide. For 
instance, one might want to change only 3 to 6 amino acids in peptides 6 to 12 anuno 

15 acids long, or one might want to change as few as 5 amino acids in polypeptides up to 50 
amino acids long. One may uniquely identify the sequence of each pq^tide by providing 
for each solid support an identifier tag specifying only the amino acids varied in each 
sequence, as will be readily appreciated by those skilled in the art. In such cases, all solid 
supports may remain in the same reaction vessel for the addition of common monomer 

20 units and apportioned among different reaction vessels for the addition of distinguishing 
monomer units. 

Synthetic oligodeoxyribonucleotides are especially preferred 
information-bearing identifier tags. Oligonucleotides are a natural, high density 
information storage medium. The identity of monomer type and the step of addition or 

25 any other information relevant to a chemical synthesis procedure is easily encoded in a 
short oligonucleotide sequence. ' Oligonucleotides, in turn, are readily amenable for 
attachment to a wide variety of solid supports, oligomers, linkers, and other molecules. 
For example, an oligonucleotide can readily be attached to a peptide synthesis bead. 
\ One outstanding advantage inherent in using an oligonucleotide-based coding 

30 scheme is the ability to achieve tremendous levels of target amplification through the 
polymerase chain reaction (PGR, see PGR Protocols: A G uide to Methods and 
A pplications (Innis, M., Gelfand, D,, Sninsky, J. and White, T., Academic Press, San 
Diego 1990); see also U.S. Patent Nos. 4,683,202 and 4,965.188, each of which is 



) 
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i„con»m«=<> h^ein by ref«nce) and o,he, „.c,=ic ac^d ..p.icaUo. and «"P" 
techniques. Although tt,= mos, commonly used in vto DNA ampUfica»on m«hod 
PCR. sulBble al«ma.e amplification melhods include, tor example, nucleic a«d 
s^iuence-ba^d amplification (Compton. 1991. tiM>lIS 252:91-92. "^^^^ 
^ce) and amplified antisense RNA (Van Gelder .ua.. >988. Pnr A^H-St U 
USA 25:7652-7656. inco^K-rated herein hy reference), and the self-sus«u,ed 
rcpUcation system <3SR. see Gua«=lli 1990. E rnr M i l l 

1874-1878. ItKorporated herein hy reference). Only dny qualities (wrU, hrghlysd^Uve 
and efficient methods, e»en a single copy is sufficient) of DNA temphue is ^ 
PCR. enabling one to use solid supports of microscopic dimensions and obtam larger 

libraries. ^ 

The use of nucleic acid tags facilitates the conslrucuon and screeoutg of 

synthetic libraries that far exceed the diversity accessible through o««r «=.hered library 
tLhnitiues. Moreo^r, these libraries employ manageable quantities of be»i ntatenal and 
can therefore be assayed for n=ceptor binding using p.«:tical volumes of biological 
,eag«>ts. One improved method of the invenUon relates to a limiting step m the 
processing of ESL libraries wift oligonucleotide tags - the amplification, strand 
separation, and sequencing of ugs from individual beads. The method increase, 

sequencing efHciency by a. least an order of magnitude, and relates to the mcorporation of 
Tug conc^ameri^tion (concatenation) step, in which a number of different >^ W^^^ 
amplified fh.m a selected set of library m.mb«s are ligated together prior to e.mer clomng 
or sequencing of tiie oligonucleotide tags. 

In one embodiment of U,e method, die amplified tags are concatenaKd and 
then clon«. as linear arrays of 10 to 20 (or even mote) ugs in a conventional sequenong 
vector. Preferably, appropriate restriction sites are installed adjacent to '^'•^ 
regions- (sequences with information content) of the oligonucleotide tags; after ampltfjnng 
th! tags on a group of beads, the restriction sites arc cut, and tite ftagm««s Bgated to fbnn 
concatamers. The concatamers ate then cloned into an appropriate sequencng veCo,. 
Each template can then be used for bidirectional sequencing of a total of, for sample, 500 
to 800 bases, allowing the identification of mote titan at least 10 tags per template. -Ptts 
approach will also provide the option of avoiding Ute isolation of individual beads wtti. 
FACS Beads or tagged compounds can b. sorted into pools. U» pool of tags ampltfied. 
concatenated, and cloned for sequencing. In addition, because the requintment u> 
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manipulate individual beads is relieved, one can use beads smaller than 1 /xm (typically, 
this size is too small for conventional FACS an<dysis) for library construction and 
screening. The selection can be conveniently accomplished by affinity purification 
methods (panning, magnetic beads, etc.) and the enriched pools of beads then amplified 
S and cloned as above. 

Oligonucleotide idratifier tags can be assembled base-by-base before, 
during, or aft^ the corresponding monomer coupling (for oligomer synthesis) or other 
chemical reaction step. In one case of base-by-base sjmthesis of an oligonucleotide tag, 
the tag for each step is a single nucleotide, or at most a very few nucleotides (i.e., a block 

10 of 2 to S nucleotides). In the block-by-block approach, encoded sets of nucleotides 

("codons") of 2 to S to 10 or more bases are added as protected, activated blocks. Each 
block carries the monomer-type or other information, and the order of addition of one tag 
block to the next rqpiesents the order of the monomer addition or other reactions. 
Alternatively, the block may encode the oUgomer synthesis or other reaction step number 

15 as well as the monomer-tyi)e or other building block information. This strategy preserves 
the order of the steps in the linear arrangement of the oligonucleotide chain grown in 
parallel with the oligomer. To preserve the chemical compatibility of the parallel synthetic 
steps (oligonucleotides and peptides, for example), one can modify the standard synthesis 
chemistries, an important aspect of the present invention discussed in further detail below. 

20 One can also attach protected (or unprotected) oligonucleotides containing 

amplification primer sites, monomer-specific information, and order-of-reaction 
information, ft-om 50 to 150 bases (nucleotides) in length, at each step. At the end of a 
series of n oligomer synthesis (monomer coupling) or other chemical synthesis steps, there 
would be n differently encoded sets of oligonucleotide identifier tags associated with each 

25 oligomer sequence or other chemical in the library. After identifying the oligomers with 
ligand activity » the associated, oligonucleotides could be amplified by PGR and sequenced 
to decode the identity of the oligomer or other compound. 

. As discussed more fully below, the choice of bases used in an 
• oligonucleotide identifier tag is dictated by the chemistry of oligomer synthesis or other 

30 chemical reaction conditions to which the tag will be exposed. For example, the use of 
strong acid can depurinate nucleic acids. Therefore, when chemistries requiring the use of 
strong acid are employed, the use of an oligonucleotide composed of only the pyrimidines 
C and T and a binary code can prove of value. In similar fashion, the lability of purine 
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» ..on. acid .a, ^ overcome «.o.sh *e of 0.e p„H„e nuc^^de 
a^logs, such as 7-dea.a-2'-deoxyadenosin. and 7Kjeaza.2'-deo,yguanos,n. (se= Ban a 
a, 1986 mnamsms i:«8-432. and Scheit, H i.rlnmi rt - ^ nlnrr ^VWlMS Mid 
pp. 64-65 <John WUe, and Sons, N«- York), bo,h of which are 
5 i;;;;^;:;:;;;:;;;; b, reference,, use o, 0,ese or o*er would petnuuhe use of a 

,„aten,a,y or oiher, as opposed to a b,na,>, «Kodi„g scheme. Thus, in . preferred 
Lbodin,en,, .he identifier us »in be an oUgonuc.««ide .bo«. 50 .o 150 nuCeoudes .n 
length and composed of pyrimidines or pyrimidtaes and purine analogs or any type of 
nucleoside .hat will not degrade under .he coupli-M! condidons used to assemble the 
,0 oligomer library. The oligonuctotide id«,tiBer ng ma, conuin a 5" and a 3 

amplification si., and opdonally a DNA se,»«»ing primer site, which ma, be specfic for 

each step of the oligomer synthesis. 

Encoding a combinatorial synthetic procedure with oligonucleotides provides 
a mechanism for addressing the major limitations of ambiguity and sensitivity encountered 
15 in the direct structural analysis of minute quantities of Ugands isolated from large hbranes. 
The high capacity of DNA for information storage can be exploited to archive the precise 
details of a library's construction. In E^mple 1 below, a "codon" structure of 2 
contiguous nucleotides comprising ti,ree bases (c^dA, dC, T). capable of encoding a 
synthesis incorporating up to 3^ = 9 amino acid building blocks was used (only seven 
20 building blocks were used in the synthesis of this Ubrary). If c^dG was also included m 
the coding template, then a combinatorial synthesis employing 1000 different monomers 
could be accommodated by using a "codon" size of just 5 nucleotides (4* = 1024). 

Information may be encoded in tiie lengtii rather than, or in addition to, the 
sequence of the oligonucleotide, or for that matter any other polymeric or oligomeric, tag. 
25 If only length is utilized to represem each specific monomer addition to the oligomer, then 
the identity of the oligomer can be decoded by. for example, amplifying an oligonucleotide 
tag as described above, and identifying the tags through any of a variety of size-separation 
techniques, including polyacrylamide gel or capillary gel electrophoresis. Each different 
monomer added at a given step in an oligomer synOiesis or each different chemical 
30 reaction step is represented by an oligonucleotide tag of unique length. The 

oligonucleotide tag contains amplification sites, such as PGR priming sequences, the 
sequences of which are designed to be characteristic of tiie given step-number m the 
oligomer or other chemical synthesis. Determination of tiie oUgomer composition at any 
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given position in the sequence then involves amplifying the tag using the PCR priming 
sequence characteristic for that step in the synthesis and size- separating the amplification 
products utilizing techniques well known in the art, such as gel or capillary electrophoresis 
(using the tagging oligonucleotides as standards) This embodiment is particularly useful 
when one desires to make a library of compounds related to a lead sequence. One need 
only tag during steps in which a site being analoged is synthesized. 

In addition to length, oligomer sequence information can also be encoded in 
the sequence of bases comprising the oligonucleotide tag. This type of encryption is of 
value not only in the embodiment in which one attaches a different oligonucleotide tag at 
each coupling step but also in the embodiment in which one extends a pre-existing 
oligonucleotide tag at each coupling step. For example, one may use oligonucleotides of 
up to about 100 bases (or somewhat longer), each having seven (or more) regions, as 
described below. 

Region 1 is a 3*-PCR primer site (20 to 25 bases). This site is used in 
conjunction with another PCR site (at the 5 '-end of the oligonucleotide) to prime 
amplification by PCR. Other amplification methods may also be used. 

Region 2 is a "step-specific" DNA sequencing primer site (15-20 bases). 
This site is specific for the particular numbered step in the synthesis series. All the 
oligonucleotides added to all the beads at a particular step will have this sequence in 
common. Each numbered step will have a highly specific primer site representing that 
step. 

Region 3 is a spacer (20-30 bases). A spacer segment of variable length, 
but preferably 20 to 30 bases long, places the coding site sufficiently distant from the 
sequencing primer site to give a good "read" through the monomer encoding or 
identification region. 

Region 4 is a monomer identification region (8 bases). In this illustrative 
embodiment, each base in the 8-bit string represents one bit of binary code, where, for 
example, T = 0 and C = 1. Each set of step-specific identifier tags consists of 8 bases 
with a 1 (C) or a O (T) at each of the 8 positions. These may be thought of as switches 
set to "on" or "off at the different positions. Each monomer type is encoded by a 
mixture of 1 to 8 of these "switches." 

Region 5 is a step number confirmation region (4 bases plus 2 bases on 
either side for region distinction). Four bits in this short stretch encode the step number. 
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Reg.on 6 u . repeat 

region has .he same informaUon as reg.on « „ " 

5 ,„«alling .his second monomer encoding reg-on also ■■.crease, 

sequencing "read- will be obmned. ^.^ ^ , 

rrr"Le,ea^.someo,w.cha«.Uo..w. 

:rr=rm::i::.<L«.» ^o-sio. c^^^^^^ 

- capaOili. .r op .o -^l^l^raa^HCnmher <e.g.. ^ » 

oUgonuc.««i<.e IdenHficr ugs camed by a -^'J '^^^ ^ „„ u,e 

amplified in aa. by cloning, or to m^. e.g.. by PC^ „u,<„„deotide Bg on a 

order of 100 molecules, .hen a. leas. 100 or more cop^ "^^^^ ^ 
.5 ^ would be required. Copies of .he .g ^ ^^^^Z^ 

o.ig».uclecUdes, double-slranded nuderc ^ds. or ^ 
rrucleic acids, by any of a variety of me*CK.s. ^^^^^^ ,„ , 
.e ampimed ma^rial is soquencd- U -^^J^^^'ZZ^^ ^ <as 
^,e and dis.inc. oligonucleonde Bg .s added a. each m 
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separately from the other tags by appropriate choice of primer sequences. The sequencing 
reactions are performed and run on a standard sequencing gel, and the oligomer sequence 
is deduced from the code revealed in the resulting sequence information. 

An alternative strategy is to use common PGR primers and common 
5 sequencing primers (the sequencing primer may even overlap completely or partially with 
a PGR primer site) and identify the step by hybridization to oligonucleotide probes that are 
complementary to each step-specific sequence in the oligonucleotides from the bead. A 
single set of sequencing reactions is performed on all of the amplified oligonucleotides 
from a single bead, and the reaction products are run in a single set of lanes on a gel. The 

10 reaction products are then transferred to a suitable hybridization membrane and hybridized 
to a single step-specific probe (see Maniatis et al .. Cold Spring Harbor Laboratory, Gold 
Spring Harbor, NY (1982), which is incorporated herein by reference). After detection of 
the resulting signal, the probe is washed from the membrane and another step-specific 
probe is hybridized. One could also use the procedure described in £PO publication No. 

15 237,362 and PCT publication No. 89/11548, each of which is incorjxjrated herein by 
reference. 

Parallel hybridization provides an alternative to sequential hybridization. 
The sequencing reactions are divided into a number of aliquots equal to the number of 
peptide synthesis steps and run in a separate set of lanes for each on the sequencing gel. 
20 After transfer of the reaction products to a suitable membrane, the membrane is cut to 
separate the sets of lanes. Each lane set is then hybridized to one of a plurality of 
step-specific oligonucleotide probes (see "Uniplex DNA sequencing" and "Multiplex DNA 
sequencing," in Plex Luminescent Kits Product Catalog . Bedford, MA, 1990, incorporated 
herein by reference). 

25 As noted above, a single synthesis solid support (or an attached bead bearing 

a tag, or in solution in a "well") may only comprise a few hundred copies of each 
oligonucleotide tag. These tags may be amphfied, e.g., by PGR or other means well 
known to those skilled in the art, to provide sufficient DNA to be sequenced accurately. 
^ The ability to decode the oligomers depends on the number of available oligonucleotide 

30 identifier tags, the level of amplification that can be achieved from the available tags, and 
the accuracy of sequencing that amplified DNA. 

If PGR amplification of an oligonucleotide identifier tag is employed, one 
may encounter "PGR product contamination," caused by the product of one PGR reaction 
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K PGR reaction mixture designed to amplify other tags having 

:::"p::Xr^^^^^^^ preve. .o... . .trod^in, .... 

into the product sequences and treating subsequent reactions so as to POtenu^ 
eontamilon carried over ftom previous reactions. A specif, example of th. s^tegy^ 
for which commercial kits are sold by FECI and Life Technologies, .s to introduce dUMP 
Zo the product. Treating each new PCR reaction with uracil-N-glycosidase -g^^^^^^^^ 
dU-containing DNA present, preventing amplification of the contaminant. The template 
DNA, which contains no dU (only dT) is not affected. Of course, the glycostdase is 
removed or inactivated before amplification is begun. 

some of the tags described above for peptide synthesis have ti,e unusual 
characteristic of containing only pyrimidines. -Hus means that the f ^^'^^^ 
strategy (Perldn Elmer Cetias Instruments (FECI) Catalog. Alameda (1991), .ncon>crated 
herein by reference) wiU work on only half of the strands produced- those contaanmg T s 
(orU's) one cannot introduce dUMP into the complementary, purine-only strand; 
however', the purine strand is highly vulnerable to aad depurination and alkaline-med.ated 
scission of the backbone. The combination of these treatments can greatiy reduce 
problems with product contamination. Another approach to preventing carryover 
contamination involves incorporation of a restriction site darl could be used for 
polypyrimidine tags) into the oUgonucleotide tag and digestion with the correspondmg 
^Lon enzyme prior to amplification of a reaction suspected of being contammatec, 
WiU. the tag. TWs method only works if the tag to be amplified wUl not be cleaved by the 
enzyme, as would generally be the case for a single stranded oligonucleotide tag. 

For sequencing ampUfied DNA. one usually desires to generate single 
stxanded templates. Hiis generation may be accomplished by any of several means. One 
such means is asymmetric PCR, where an excess of one of tiie primers is used to amph y 
one strand to a level 10 to 100-fold higher than the otiier (see. for example. U.S. Patent 
No 5 066,584. incorporated herein by reference). Another means of providing a smgle 
stranded template is to by biotinylate one of the primers and purify or remove the resuUmg 
strand by adsorption to immobilized str^tavidin (P.rrr MnininnoterhnolopY C^t^os ^nd 
) Handbook. 1991. incorporated herein by reference). Yet another means involves 
generation of RNA transcripts (representing only one of tiie strands) from an RNA 
polymerase promoter and sequencing the transcripts with rev^e transcriptase (Sommer et 
al CI. 11.11 ■ -1. Tn ^ "'"^^ ^" ''"^ Applications . syBB, 
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incorporated herein by reference). If the tags are composed of only pyrimidine 
nucleotides, then all purine strands can be eliminated by acid/base treatment, leaving the 
pyrimidine strand for sequencing. 

The use of separate sequencing primers for each step-specific 
5 oligonucleotide requires a separate, conventional sequencing reaction for each step-specific 
primer. Using primers that are differentially labeled would allow the identifier tags from a 
single solid support to be sequenced in a single reaction and run in a single lane set (2 
lanes if only polypyrimidines are used; 4 lanes if 4 different bases are used) on a gel. 
There are now commercially available primers labeled with distinguishable fluorophores 

10 that are suitable for this purpose (ABI Catalog, incorporated herein by reference). Sets of 
chemiluminescent labels now distributed commercially may also be used (Bronstein et al . , 
BioTechniques 8: 310-314 (1990), incorporated herein by reference). 

The amplified product can be easily sequenced or otherwise identified to 
decode the identity of the peptide or other molecule on the bead or otherwise attached to 

15 the oligonucleotide tag. For this purpose, one can use any of a variety of sequencing 

methods, including sequencing by sequence-specific probe hybridization. DNA sequencing 
enzymes which may be employed in the present invention include Tag DNA polymerase, 
E. coH DNA polymerase I (or the Klenow fragment), T7 polymerase, Sequenase™ and 
Sequenase 11™ (Modified T7 DNA polymerases), Bst DNA polymerase, and reverse 

20 transcriptase (from AMV, MMLV, RSV, etc., see USB Enzymes for DNA Sequencing . 
U.S. Biochemical Corp, 1991, Cleveland OH, incorporated herein by reference). The 
sequence of an oligonucleotide tag may also be identified by a high fidelity DNA 
hybridization technique. To this end, very large scale immobilized polymer synthesis with 
oligonucleotides may be useful (see PCT patent publication Nos. 92/10587 and 92/10588, 

25 each of which is incorporated herein by reference). 

The choice of tag, whether the tag is an oligonucleotide or some other 
molecular structure, depends upon the nature of the molecules of which the library is 
composed and the method by which those molecules are to be synthesized, as discussed in 
the following section. 

30 Where synthesis chemistries involve the use of reagents and reaction 

conditions incompatible with the above described oligonucleotide tags, it may be desirable 
to utilize an alternate tagging method. Thus, the methods for synthesizing a tagged 
molecular library of the present invention also envision utilizing chemically inert 
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hydrocarbon tagging molecules which are discretely resolvable by a variety of methods, 
such as chromatographic methods. 

The use of such inert hydrocarbon tags in molecular libraries has been 
described. See. Michael H. J. Ohlmeyer. et al., Pror NatM. Acad. Sci . 2Q:10922-26 
5 (December 1993). and published PCT AppUcation No. WO 94/08051. both references 
incorporated herein by reference for all purposes. 

The tags described utilize a binary coding scheme like that described herem. 
Specifically, a binary code is assigned to each chemical bmlding block, i.e.. an amino 
acid to be added in the synthesis. The length of the code may be dependent upon the toUl 
10 number of buUding blocks to be added. For example, where only seven total bmldmg 
blocks are to be added, a three bit binary code may be used. This allows for seven 
separate specific codes, 001 through 111, each one being assigned to one of the seven 
building blocks. e.g.. lysine=001. Where the number of buUding blocks is greater, a 
larger code can be utilized, e.g.. an eight bit binary code, as described herem. 
15 A number of tags are prepared, each having a different resolution or 

separation pattern from the others using chromatographic methods. If a particular tag is 
present, it will represent a "1" in each position of the final tag code for a given 
synthesized molecule. Tl.us. where a molecule has four buUding blocks and is coded m a 
three bit coding system, there are 12 potential code digits, each buUding block having 
20 three bits. For each step in the synthesis, the soUd support upon which the molecule is to 
be synthesized is tagged so as to indicate not only the building block added, but also the 
step at which it was added. For example, the presence of tag no. 1 or "Tl" indicates that 
there is a "l" in the first position of the binary tag code for the buUding block added at the 
first step. Similarly, the presence of T7 indicates that there is a "1" in the seventh 
25 position of the overall code, which, in a three digit code, would also correspond to the 

first position of the third added building block. Thus, the building block assigned the code 
111 if added at position one, would be encoded by the presence of tags Tl, T2 and T3. 
Alternatively, if added in step 2. the same building block would be encoded by the 
presence of tags T4, T5 and T6. 
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The specific hydrocarbon tags described by Ohlmeyer have the following 
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where n is from 1 to 10. The varying length of the hydrocarbon chain and the varied 
5 halogenated group allow physical separation or resolution of the tags by chromatographic 
methods, specifically, electron c^ture gas chromatography. 

Detection of these hydrocarbon tags is, however, limited by the sensitivity 
of the detection method. Thus, to ensure detection of the tags, larger amounts of tag must 
be used. This requires larger sized beads, thus reducing the size of the overall library 
10 which can be synthesized, and increased reaction times to ensure maximum coupling of the 
tags to the solid support. Finally, where larger molecules are screened, more hydrocarbon 
tags are added to the solid support. The incorporation of large amounts of hydrocarbons 
on a solid support, e.g., for large synthetic compounds having numerous tags, will likely 
have adverse effects on continued synthesis and/or screening of the compound on the solid 
IS support due to steric, hydrophobic or ionic interactions. 

The problems of detectability, tagging time, and screening or synthesis 
interference associated with these hydrocarbon tags may be circumvented utilizing the 
methods of the preset invration. Specifically, the present invention, in one embodiment, 
provides a method of tagging using hydrocarbon tags wh^ein such tags have a "molecular 
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hook," instead of a detectable electrophore as described in Ohlmeyer, et al.. This 
"molecular hook" is defined herein as a functional group on the tag which allows for the 
attachment of an amplifiable, detectable group, thus permitting detection of smaller 
amounts of tag on the solid support. The hook wUl generally comprise a stable functional 
group or molecule which will either form a covalent linkage with the amplifiable, 
detectable group, or will have a high affinity for a portion of that group. Examples of 
such hooks include, e.g.. biotin. to which a streptavidin Unked amplifiable. detectable 
group may be bound or one complement of a high association peptide. Such high 
association peptides generally comprise a complementary pair of peptides each having a 
high affinity for the other. Thus, one complement denotes one peptide of such a pair. 
High association peptides are generally described in U.S. AppUcation Serial No. 
08/321,933, filed October 12, 1994, which is a continuation-in-part of U.S. Application 
No. 08/067,387. filed May 24, 1993, each of which is incorporated herein by reference 
for all purposes. Alternatively, the hook may comprise a protected activatable group, 
which may be activated to covalently attach the amplifiable, detectable group to the tag. 
Photoprotected activated groups are particularly useful in this application. Activated 
groups are generally well known in the art, and include such groups as carboxyl, 
hydroxyl, amino, thiol and the like. These groups may be protected using photolabile 
protecting groups such as those described in pubUshed PCT Application No. WO 
93/22680, incorporated herein by reference for all purposes. The resulting group is 
photoactivatable. 

In addition to the above, the molecular hooks may comprise multifunctional 
groups. For example, the molecular hook may comprise two or more different fimctional 
groups capable of being coupled to two separate entities. TOs may be the case where for 
example, it is desirable to recouple the tag to another soUd support for detection purposes, 
e.g.. a reaction well in a microtiter plate. The first functional group may be used to 
selectively bind a complementary group on the soUd support. Once coupled, the second 
functional group may be used for selective coupling of the amplifiable detectable group. 
Such hooks may generally comprise combinations of the functional groups described 
herein, or other groups which are capable of being selectively bound to another such 
group. As an example, such a hook might comprise both biotin and digoxin. orthogonally 
linked to the hydrocarbon tag. Once separated, these tags may be contacted with a solid 
support, e.g.. a microtiter well, which is coated wiUi a group capable of binding to one of 
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the functional groups on the tag, e.g., an anti-digoxin antibody, and allowed to bind 
thereto. After r^jeated washing steps, the solid support is contacted with the 
oligonucleotide coupled to a group capable of binding to the second functional group, e.g., 
streptavidin linked oligonucleotide as described previously. The bound oligonucleotide is 
then detected as previously described. The synthesis of the hydrocarbon tags of the 
present invention may be carried out by methods well known in the an. See, e.g., March, 
Advanced Organic Chemistry (John Wiley & Sons, 3rd Ed., 1985), Larock, 
Compiehrasive Organic Transformations (VCH Publishers, 1989). 

Because the inert hydrocarbon tags of the present invention provide for more 
sensitive detection of the hydrocarbon tags, the amount of a particular tag on a solid 
support may be reduced without affecting its detectability. Further, by reducing the 
amount of tag on the solid support, time required for the coupling of the tag to the support 
may be reduced. 

Tags useful in the present invention will generally comprise a variable 
hydrocarbon region and a molecular hook. More preferably, such tags will comprise a 
cieavable linker attaching the tag to the solid support, a molecular hook as described, and 
a varied length hydrocarbon chain connecting the molecular hook to the linker. Different 
tags will have a different length hydrocarbon chain, or a different molecular hook, so as to 
allow for their physical separation and detection. 
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Tags having the following general structure are preferred: 

Where n is from 1 to 10. or tnore, X is a cleavable linlcer and R is a .olecul. hcU. 

preferred molecular hoolcs comprise, e.g., biotin. a high association pepude. and 

activatable groups, such as a photoactivatable group, or a combinauon thereof. 

Examples of Cleavable lir^kers which are useM in the present mvenuon 

■ , for example the photocleavable Unkers described in U.S. Application No. 
Z^sZ r:te 23 1994. and incorporated herein b. reference for all purposes. 
™o'f such Photocleavable linlcers include those having the following structures: 
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Following synthesis and tagging, the tags are removed from the solid 
support, e.g., by photolysis of the linker. The tags are then separated from each other 
using a method which preserves the separation pattern of the tags, e.g., HPLC with 
fraction collection, or other chromatographic methods, such as gel or capillary 
5 electrophoresis. Because the tags are generally present in amounts undetectable by normal 
means, e.g., absorbance, etc., they must be separated in a manner which allows 
subsequent detection and correlation to their separation pattern. As an example, the tags 
cleaved from a solid support, are sqxarated on an HPLC colunm and collected in a fraction 
collector. When the tags are eventually detected, as described in further detail below, the 

10 fractions which indicate the presence of a tag are correlated against the known elution 
profile, or separation pattern, for all of the tags used in the tagging/synthesis. 

The separated tags are then immobilized according to their separation 
pattern. Such immobilization may take the form of spotting individual fractions, blotting 
for gel based separations, or immobilization within reaction wells, i.e. on a microliter 

15 plate. 

Once immobilized, the tags may be "hooked" to an amplifrable, detectable 
group. Amplifrable/detectable groups gmerally include a compound or structure which is 
capable of being amplified, or produces a signal which is capable of being amplified. 
Compounds capable of exponential amplification are preferred. A particularly useful 

20 amplifiable, detectable group is an oligonucleotide sequence. Hooking of the amplifiable, 
detectable group may take a variety of forms. For example, where the hook comprises a 
biotin group, the oligonucleotide may be coupled to streptavidin which will tightly bind the 
biotin. Alternatively, the streptavidin may be added in an intermediate step followed by 
addition of biotinylated oligonucleotide. In alternative embodiments, the tag may comprise 

25 a complement of a high association peptide. In this case, the oligonucleotide is linked to 
the other complement to that peptide so that the oligonucleotide may tightly bind to the 
tag. In yet another embodiment, where the tag comprises an activated group protected by 
a photolabile protecting group such as those described in published PCT Application No. 
WO 93/22680, previously incorporated by reference, this group may be activated, i.e., by 

30 photolysis of the photolabile group, allowing the oligonucleotide to then be coupled to the 
tag by methods well known in the art. Where this is the case, it may be desireable to 
select a photolabile protecting group having different photolysis characteristics from a the 
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pHotocleavable linker, if one is being used. This wUl allow selective cleavage of .he tag 
from the solid support without activation of the molecular hook. 

once hooked to the tag, the oUgonucleotide sequence may be amplified 
using the PGR techniques described herein. Where the immobilization is in a blotung 
5 rmat. the amplification must be carried out so as to preserve the -centrat^n ^ 
avoid diffusion of the amplified oligonucleodde. thus allowing its detecuon and correlation 
to the separation pattern. This may be accompUshed by performing the amphficauon 
reaction in. for example, a gel overiay of the blot. 

Detection of the hooked oligonucleotide, and thus the tag. may be earned 
10 out by incorporating a label into the amplified oligonucleotide or by probing for the 

amplified oligonucleotide sequence where such sequence is known. Detection of a tag is 
correlated to the known separation pattern for the tags. A tag so identified is then 
incorporated in the overall tag code for the synthesized molecule. For example purposes 
only if following HPLC separation, hooking. ampUfication and probing, fraction #17 

15 indicates the presence of a tag. this is correlated to the tag which is known to separate into 
fraction #17. If, for example, this is tag # 5. then a "l" may be assigned to position n 5 
of the overall binary code for the molecule synthesized on the particular support. The 
coding schemes described herein are for example purposes, and those of skill in the art 
will recognize that a variety of coding schemes may be appUed to the methods of the 

20 present invention. 

Those of skill in the art wiU also recognize that there is no requirement that 

the code reporting the sequence of a synthesized molecule be contained in a single 
polymeric sequence of individual tags. Instead, the code may be embodied by the 
presence or absence of individual different tags on the solid support. While these tags may 
25 potentially be coupled sequentially to each other, those of skill wUl recognize the benefit of 
having each differem tag individually attached to the solid support. Specifically, only a 
single coupling chemistry would be required for any and all tagging steps. Further, 
complex protocols of protectingVdeprotecting reactions for tags having different reactive 
groups may be avoided. 
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V. Synthesis Methods 

The method of the present invention can be applied to any set of synthetic 
chemical reactions performed in a sequence to generate diverse compounds. While the 
5 invention is typically illustrated using chemical building blocks, more typically monomer 
building blocks, the general nature of the invention should be appreciated. The majority of 
synthetic chemical reactions proceed quite differently than the typical monomer coupling 
reaction; the typical organic chemical reaction gives variable yields and leads to multiple 
products, such as regio- and stereoisomeric structures. The present invention can be used 

10 to identify useful products of such series of chemical reactions, because one can practice 
the methods so that the tag encodes the protocol for synthesizing the compound instead of 
explicitly specifying the structure of the reaction product. 

To simplify discussion, however, the invention is most readily viewed as a 
series of monomer coupling steps. Because the various coupling reactions of the present 

15 method can be carried out in separate reaction vessels at separate times, even building 
blocks, such as monomers, with very different coupling chemistries can be used to 
assemble the compounds of interest in a library. While the invention can be practiced by 
exposing solid supports to a building block and an identifier tag at the same time, or 
sequentially (either building block and then tag or tag and then building block), the 

20 sequential approach allows one additional flexibDity with respect to coupling chemistries. 
In any event, the preferred arrangement for conducting coupling reactions is one in which 
the diverse coupling reactions are carried out in parallel. 

After each parallel series of coupling steps is performed, the solid supports 
on which the oligomers or other compounds of the library are synthesized are pooled and 

25 mixed prior to re-allocation to the individual vessels for the next coupling step. This 

shuffling process produces a large library of compounds with each distinct member of the 
library on a distinct solid support. If each synthesis step has high coupling efficiency, then 
substantially all the compounds on a single solid support have the same structure or, if the 
compounds are oligomers, monomer sequence. That structure or sequence is determined 

30 by the synthesis pathway (type and sequence of monomer or other building block coupling 
reactions) for any given solid support at the end of the synthesis. The maximum length of 
oligomers is typically less than about 20, usually from 3 to 15 monomers in length, but in 
some cases a length of 8 to 12 monomers (residues) is preferred. 
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Given the diverse numbers of tags and building blocks suitable for use with 
the present invention, there are a number of chemical methods by which one can prepare 
chemical Ubraries of the invention. However, one must ensure that each couphng step, 
whether of tag or oligomer, does not produce unacceptable levels of unwanted reactions or 
5 destroy tags or oUgomers already pr^nt on the support. In one embodiment, one ensures 
that only desired reactions occur by using soUd supports with chemically reactwe groups 
for tag and oUgomer attachment that are protected using two different or "orthogonal 
types of protecting groups. Ute solid supports are exposed to a first deprotection agent or 
^ator, removing the first type of protecting group from, for example, the chemically 
10 reactive groups that serve as oUgomer synthesis sites. After reaction with a first 

monomer, and after any optional blocking steps, the soUd supports are then exposed to a 
second activator that removes the second type of protecting group, exposing, for example, 
the chemically reactive groups that serve as identifier tag attachment sites. The tag .s then 
coupled, and these steps are repeated, tyjncally from one to about 20 Umes. 

15 

A OUgonucleotide T^ed Peptide Ubraries 

m one important embodiment, the present invention relates to the synthesis 
of large Ubraries of diverse peptides. WhUe many other compounds and oligomers can be 
made by the method (see C5ait. O lironnHeo tide Synthesis: ^ Pr^rtiral Approach . IRL 
20 Press. Oxford (1984); Friesen and Damshefsky. 1989, J. Amer. Chem- Soc. 111:6656; 
and Paulsen. 1986. Ange^.. Ouan- Int. Id. Ingl. 25:212. all of which are incorporated 
herein by reference), techniques for soUd sute synthesis of peptides are parucularly 
important and weU known (see Merrifield. 1963. 1. Am- Qmi- M:2149-2154. 
incorporated herein by reference), and peptide Ubraries are highly useful for a variety of 
25 purposes. In the Merrifield method, an amino acid is covalently bonded to a suppon made 
of an insoluble polymer. Another amino acid witi. an alpha-amino protecting group « 
reacted with the covalently bonded amino acid to form a dipeptide. The protective group 
is removed, and a third amino acid with an alpha protective group is added to the 
dipeptide. This process is continued until a peptide of a desired length and sequence .s 
30 obtained. Protective groups known to tiiose skiUed in the art may be used to prevent 
spurious coupUng (see JM^^, Vols. 1 & 3 (eds. Gross. E.. and J. Memhofer. 
Academic Press. Orlando (1979 & 1981), which is incorporated herein by reference) or to 
aUow one to control coupling. Photolabile. base-labile, and acid-labile protecting groups. 
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and combinations of the same can all be employed for various purposes of the present 
invention. 

Additionally, both L and D forms of amino acids may be employed in 
I>eptide synthesis methods described herein. Employing D-amino acids may be useful in 
5 the synthesis of "retro-in verso peptides," as described in U.S. Application Serial 
No.08/309,451, filed September 21, 1994, incorporated herein by reference for all 
purposes. Such retro-inverso peptides will comprise the same amino acid sequence, but 
having reversed stereochemistry from a peptide which is synthesized using L-amino acids. 

When the present invention is used to make and screen peptide libraries, the 

10 tag of choice is a nucleic acid. There are a variety of compatible chemistries for peptide 
synthesis and round by round attachment of oligonucleotide identifier tags. However, to 
maintain the integrity of an oligonucleotide tag during peptide synthesis, one may need to 
use different combinations of protecting groups and/or synthetic nucleotides to avoid 
degradation of the tag or the oligomer synthesized. In general, polypyrimidine 

IS oligonucleotide tags are relatively stable under typical peptide synthesis conditions, as 
opposed to oligonucleotide tags that contain natural purine nucleotides, but a 
polypyrimidine nucleotide tag may be somewhat refractory to amplification by PCR. One 
may need to incorporate purine bases, or analogs such as 7-deaza-deoxyadenosine, and 
7-deaza-deoxyguanosine, tested for ability to withstand peptide coupling (and deprotection) 

20 conditions, into the tag to achieve a desired efficiency of amplification. For purposes of 
the present invention, the tag optionally may contain from 10 to 90%, more preferably 35 
to 50%, and most preferably 33 to 35%, purine or purine analog nucleotides. The 
oligonucleotide tags may optionally incorporate a biotin or other reporter group to facilitate 
purification, hybridization, amplification, or detection (see Pierce ImmunoTechnology 

25 Catalog and Handbook . 1991, incorporated herein by reference). 

Thus, in selecting the chemistries used to create an oligonucleotide-tagged 
{)eptide library of the invention, one must (1) select a solid support with appropriate 
functional groups; (2) select the amino acid coupling chemistry; (3) select the 
oligonucleotide tag coupling chemistry; (4) select the protecting groups for the various 

30 tags, monomers, and oligomers; and (5) select the deprotection and, in some embodiments, 
cleavage chemistry (for either the tag or peptide). Those of skill in the art recognize that 
not all of the above selections need be made in every case, as some applications may not 
present the same issues as others. For instance, one or more protecting groups may not be 
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^„.^ applicauo... U ^ ^ .oweve., each oC *ese se>ecUons is 
TO consider relevant .o *e selection of coupling chen.s,ries and 

phosphoian.Kl.techem.sto-. The process can ^„ B„ter „r peptide attached 

,™,™,al of the amino-terminal Fmoc protecung group from the toker pep 
net!- (2) coupling an Fmoc pro,.c.«l (the side chains ma, be proceed as weU) 

^'rieTe^ amino group produced in step W. 0) opional capping of unrcacted 
r^mt JL DMT promoting gro-P fton, the h,d.ox,l gr«,p on 

o whLh d.e nuceoude tag is ,0 he «,ac^; (5) coupling > nucleotU. 
:o^oram.dl with a 5-OMr protecting ^up as »ea as ^^^^"^^^^^ 
phosphate and exocyclic anUnes of the bases; (6) opdonal cappmg of any unreac»d ft 
hydLy. groups; (7) oxidaion of the phosphorous of the oligom.cl«mde tag; and W 
Clon Of the peptide and oUgonucleotide lag. Bach of these steps is d.sc„sscd 

(1) Removal of the amino-^rminal Fmoc protecUng group ftom the hnlcer or 
^Ude attached to the bead Is necessary pHor to the a«achment of d« next amino ac,d 
> T^ically t.ea»«n. with 30» piperidine in DMF for about one hour .s used 

' ".."action (see also «epS,. but one aspect Of d. present inven.^^^^ 

° "e use of redid concen,«ions of piperidine or reduced deprotecbon bmes for the 
Tyntrof Oligonucleotide tagged peptide libra^es. Piperidine may cause deprotect... of 

5 have greater base stability than the sundard beu-cyanoethyl group, known to be 
s^s^ble to piperidine Cleavage. Preferred Fmoc dep,o«aon condiuons of the 
^ ^ 5 to 15%, preferably 10%, piperidine for 5 ,0 60 minutes, p^ferably 10 to 
ToTLtes, and 15 to 30% piperidine for 15 to 30 minutes. Another .rea^en. lo.o^ to 

minuKs, 8.diazabicyclo[5.4.01undec-7-ene), e.g.. 

effect Fmoc removal is treatment with DBU (1.8 diazabicy i 
,0 5% DBU for 5 min. However, a report by Palom IStE- Lett- M- 2195-2198 

" :::ZL .... .y ....^c, ...... - treatme. can .es.lt in me.ylat.on at 

N-sTf thymidine. While DBU-mediated Fmoc removal can be effective m some 
applications, the potential for base modification should be recognized. 
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(2) Coupling an Fmoc protected amino acid to the free amino group on the 
bead or peptide can be achieved using standard BOP coupling chemistry (see The 
Peptides , supra ). Typically, a mixture of an Fmoc protected amino acid (110 mM), 
HBTU (1(X) mM), HOBt (100 mM), and DIEA (300 mM) in a solution composed of 1: 1 
5 DMF/DCM is employed to effect amino acid coupling. Other activation chemistries may 
also be applied in this instance, for example substitution of HBTU/HOBt with HATU. In 
one embodiment of the invention, however, the reaction mixture is composed of 55 mM 
Fmoc-protected amino acid, 50 mM HBTU, and ISO mM DIEA in a solution composed of 
3:1 DMF/DCM; this embodimmt is preferred for use with instruments where reagent 

10 delivery bottles may be limited. The side chains may be protected as well; Fmoc/^u 
protection is preferred for most purposes, due to the commercial availability of building 
blocks. Other useful amino acid building blocks with side chain protection included 
Arg(Pmc), Gln(Trt), His(Trt), Asn(Trt), Asp(CTBu), Glu(0*Bu), and LysCBoc) and amino 
acids with side chain protecting provided by photolabile protecting groups. 

15 (3) Optional capping of unreacted free amino groups can be achieved by 

treatment with acetic anhydride and 1-methyl imidazole or by other methods known in the 
art. 

(4) Removal of the DMT protecting group from the hydroxyl group on the 
bead or tag to which the nucleotide tag is to be attached can be achieved by treatment with 

20 trichloroacetic acid (TCA), i.e., 1% TCA in CHjClj. If one uses acid-labile protecting 
groups on phosphates and exocyclic amines of the nucleotides (i.e., deoxycytidine, 
7-deaza-deoxyadenosine, and 7-deaza-deoxyguanosine), then those groups should be 
sufficientiy robust to resist the TCA (typically 1-3%) used in 5'-0-detritylation. 

(5) Coupling a nucleotide phosphoramidite with a 5'-DMT protecting group 
25 can be achieved using standard phosphoramidite chemistry, although one must take into 

consideration the need for protecting groups on the phosphate oxygen as well as on the 
exocyclic amines of the bases of the oligonucleotide tags. For photolabile protecting 
groups for nucleic acids, see PCT patent publication WO 92/10092 and Baldwin et al .. 
1990, Tetr. Lett . 46: 6879-6884, each of which is incorporated herein by reference. As 
30 noted above, suitable phosphate protecting groups include the O-methyl and 
beta-cyanoethyl groups, but O-allyl and/or N-allyloxycarbonyl groups (i.e., by 
incorporating 3-(allyl N,N*-diisopropyl) phosphoramidites) can also be used to protect 
phosphate oxygens and the exocyclic amines of the nucleoside bases, respectively (see 
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lie protecting groups can be re.ovea using THF conta.n.g tns 
^.^LneaLone) <iipalla<iiu.-chlo.ofonn complex, «p.osp.ne, an. 
nbutylamine/fonnic acid, followed by a -mF wash, an aqueous sodmm 

n-butyiamine/ , water wash Phosphoramidite coupling is 

N N-diethvldithiocarbamate wash, and a water wasn. r y 
N,N diethyiai 4.nitrophenyl tetiazole; pyridimum 

mediated with agents such as IH-tetrazoie, h mu ^ j 

,879-1882, incon^raud herein by ^ ^.ieved 

(6) Opnonal capping of any nnreacled tree nyoroxyi gr y 

„ .reauncn. wi«. aceUc anM^-^ and .-n,«hyl or by _< 

^'""t":::! or pbo.p*o,o«s ^ o^,^ - - 

bv «.a.n,ent wi* iodine and pyridine or by «aanen. wid. coUidlne, MeCN ,n H,0. 
1 rLy. by en-pioying «,e ™Ud oxidan. .uOOH o.da.o„ a. ^-^^ 

„„e can minimize oxidadon of d« amino acid, medHonine. tryptophan and ^««,.ne (see 
T ., ,M0 Telr Lea 27:4191-4194. incoiporaled here,n by reference). 

Hayal^wa ^ ' tag can be e.ect. by 

• 1 . Int With 1% TCA in dichloromethane, then with thiophenol/NEt3/d>oxane 
0 sequential treatment with 1% TCA ^^^^^^ ^^^^^^.^^ 

then withethylenediamine/EtOH(l.l)at53 oegrecb , 

roups\oni the tag. and then trifluoroacetic acid (95:5 ^A/water, 

en.«.^ is used to rcmovc acid-labile amino acid protectmg groups. The lability 
scavengers) IS used to re ^ be avoided by use of phosphoramidites 

purine nucleotides to strong acid (e.g., TFA) can be avo y 
,5 of the purine nucleoside analogs 7-deaza-2'-deoxyadenosine and 7-dea^ 2 deo yg 
(see bL 1986. Bi^Mni.^ 4:428-432. and Scheit. 

^^^^^^^^^^^^^^ pp. 64-65 (John WUey and Sons. New Yorlc). both 

incoroorated herein by reference). 

The next secdon iUusuates one p^erred en,bodin«n. for syn*es,z,ng 

30 oligonucleolide-lagged peptide libraries. 
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B. Improved Method for Synthesizing Oligonucleotide-Tagged Peptide Libraries 

Establishing a practical bead-based oligonucleotide-encoded peptide library 
methodology demands that several key technical criteria be met. These include (i) the 
development of mutually compatible chemistries for parallel assembly of peptides and 
5 oligonucleotides; (ii) the selection of bead material with appropriate physical 

characteristics; (iii) the facile isolation of small beads bearing ligands that bind a target 
receptor; and (iv) successful reading of the tags from a single bead, i.e., by PGR 
amplification and sequencing of template tag DNA from single beads. The present 
invention provides an improved method for S3mthesizing such libraries, as illustrated in this 

10 section and Example 1, which show how to use single stranded oligonucleotide tags to 
encode a combinatorial pq)tide synthesis on 10 ;tm diameter polystyrene beads. 

In this improved method, pq>tides and nucleotides are assembled in parallel, 
alternating syntheses so that each bead bears many copies of both a single peptide sequence 
and a unique oligonucleotide idmtifier tag. The oligonucleotides share common 5'- and 

15 3'-PCR priming sites; the beads can therefore serve as templates for the PGR. To 

illustrate the method, an encoded synthetic library of some 8.2 x 10* h^ta-peptides was 
generated and screened for binding to an anti-dynorphin B monoclonal antibody D32.39 
(Cull eLal., 1992, Proc. IM. Acad. Sfii- USA 32:1865-1869, incorporated herein by 
reference), using a fluorescence activated cell sorting (FAGS) instrument to select 

20 individual beads that strongly bind the antibody. After PGR amplification of the 

oligonucleotide tags on sorted beads, the DNA was sequenced to determine the identity of 
the peptide ligands, as is described more fully below. 

One important aspect of this method, which is described in additional detail 
in Example 1, below, is the solid support selected for synthesis of the peptide and tag. 

25 Solid supports, i.e., 10 ^m diameter beads, fashioned from a macroporous 

styrene-divinylbenzene copolymer and derivatized with a dodecylamine linker are 
preferred. The amino group loading of these beads was estimated to be — 100 /xmol/g by 
exhaustive acylation with Fmoc-glycine, followed by piperidine cleavage of the Fmoc 
group and spectrophotometric quantitation of the released piperidine-dibenzofulvene adduct 

30 (e302 = 7,800 1 moH cm"^). With 5 x 10* beads/g, this corresponds to a maximum peptide 
loading of 20 fmole/bead. Acylation of the beads with a mixture of an appropriately 
protected amino acid and an omega hydroxy acid provide orthogonally differentiated amino 
and hydroxyl groups from which the peptide and nucleotide chains respectively can be 
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. ^ Th.avcraeestoichion,e=, of pepti<le.ooUgonucleoade per bead is controlled 

L tL. 3.0,e.s ,3.™er. ,o l..ers) o„ ~ — 

Uifluoroacetic acid-deavable Knorr linker (Ben>..ow,cz eul.. 1989. I^. 3^ 
5 ^r^8, incorporated herein by reference) using standard Btnoc chen-s^y found 
to prcceed Wit. ndeUt, tl^t was indistinguisbabie fron, syn««ses Pe*™^ » 
coLtional pepUde synthesis resin, as detemtined by HPLC analysis o, the on.de cleaved 

syntltesu strategies re,uire lie use of a set of protedns S-^ps 
,0 the antino acids and nucleotide building blodcs tha. arc tnutually orthogonal, and U.at 
T'thT^lyn-er chains be suble to t^ reagents in <.« sy„»-is 
I seTn: Chain, .though, in pHndple, a variety of ^^Z^^ ^ 
be used (as discussed above). FnK>c/*u protection on ^ pept.de buadmg blocks . 

because of «,e extensive comniercial avaiM>iUt, of nabrral arK. unnatural amtno 
,3 ^s proceed in this manner. However. ^ ~ ^ ^ P"-- 
.roup require treatment with strong add (typically trifluoroaoetic acid) for rernoval. 
cJaons that c». lead u> rapid depurination of °>'^»-'»"'"^ " 
2-Kto.xyadenosine <dA) or r-deoxyguanosine (dG) (see Capon. 1968 Ctem. f 
.0,.9S. incorpo^ted herein by ref^)- This problem has ^ 
20 V-dea^-r-deoxyadenosine (C dA) in place of dA in the template oUgonucl«,ud t^g. The 
glycosidic bonds of deazapurine nucleosides arc resistant to acid-cataly^d hyd™.y.s (see 

slit 1980. ^ ~ 

L New York, pp. 64-«5. incorporated her^ by reference), and oligo„ucleo«d« 
X^ting these monomer, are faithfully copied b, diermostable poly.^ used -n 

25 the pTr (see McConlogue 1988, ml- ^ ^ ^ ^ ^ 

Bi^aSd^^ i: 428-432, each of which is incorporated herdn by "f"™"*^ 
Acid-resistant guanosine analogs can also be incorporated into the template DNA. 

'•-O-dimethoxytrityl 2--deox,nucleoside 3MO-methyl-N.N-d..soprop,l) 

phosphoramidites were used in aU parallel syntheses. The reagent 
30 n/comdine,H,0/ace.onithle, used to convert Uienucleodde phosphite mtermed^,^ 

pCLesteis in the DNA syn,h«is protocol was no. .bund to adversely af^ either the 
readily oxidized residues Trp and Me, or an, of the o«,er protects, amino aads. 
complete r^oval of the 5'-0-DMT group .*om the growing oligonucleotide Cham was 
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achieved in - 40 sec using 1 % trichloroacetic acid (TCA) in dichloromethane, while all 
of the acid-labile side chain protecting groups used conventionally in Fmoc/'Bu chemistry, 
excepting the 'Bu ether derivative of tyrosine, were inert to treatment with 1 % TCA for 1 
hour. Fmoc-Tyr(0-B2) proved a suitable replacement in the synthesis of 
tyrosine-containing peptides, die Obenzoyl ester being robust towards both TCA and the 
piperidine used for removal of the alpha-N-Fmoc protecting group in peptide synthesis. 
Quantitative deprotection of the alpha-amino residues required 5-10 minute treatment with 
piperidine/DMF (10% v/v) and also resulted in partial demethylation of the protected 
polynucleotide phosphotriesters (t,/2 — 45 min). Control experiments indicated that any 
aberrant phosphitylation of the resulting phosphodiester species during subsequent 
nucleotide chain elongation was reversed by the final oligonucleotide deprotection steps 
(see Lehmann eLal., 1989, Nucl . Acids Rgs. 17: 2379-2390, incorporated herein by 
reference). At the completion of the parallel synthesis, the DNA was fully deprotected by 
treatment with thiophenolate (phosphate Odemethylation) then ethanolic ethylenediamine 
(debenzoylation of protected cytidine and 7-deaza-adenine residues). These mild, 
anhydrous aminolysis conditions did not adversely affect protected peptide sequences (see 
Juby etal., 1991, Tetr. Lett. 2: 879-882, incorporated herein by reference), which were 
deblocked using TFA under standard conditions. 

The carboxy-terminal region of opioid p^tide dynoiphin B 
(YGGFLRRQFKVVT) (SEQ ID NO:l) has been previously shown to represent the epitope 
of anti-dynorphin B mAb D32.39 (see Cull et al .. supra): tiie soluble hepta-peptide 
RQFKVVT (SEQ ID NO:2) binds D32.39 with high affinity (K^ 1 nM). A parallel 
synthesis of this peptide and a 69 base oligodeoxynucleotide was performed on 
orthogonally differentiated beads bearing an acid-cleavable Fmoc-protected carboxamide 
(Knorr) linker. After addition of the first 20 nucleotides, the beads were treated with 
piperidine/DMF and the first peptide residue (Fmoc-ThrCBu)-OH) coupled to the free 
amines. The beads were then subjected to two cycles of phosphoramidite chemistry and 
coupling of the next amino acid (Fmoc-Val-OH). This process was repeated until the 
heptapeptide sequence and nucleotide coding region had been fully elaborated, and then the 
DNA was extended by a further 35 nucleotides to provide a spacer region and 5'-priming 
site for the PGR. The beads were finally exposed to full oligonucleotide and then peptide 
deprotection conditions, and the TFA supernatant containing the cleaved peptide was 
analyzed by reverse-phase HPLC. The HPLC results showed that the crude peptide from 
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10 



15 



c c„ of a sinRle major component (co-eluting with authentic 

ZZ^" ^ ""-^ - 

..... I CO . — . ---^ — ~ . ■ 

individual dcprot^ced b«ds f,om «,e syntheses - 

-^"'t t at^^^nt T-us U« in^srit, of dOs oUgonuoleodde 

3..ed .0 .0 ocnstn^ . co-««d«sis us.„s seven an,.n„ 

, A r-\^ Phe Lvs Val, D-Val and Thr. 

t^^;^-ox,bu.yra« residues «cre fcs, co«^ » aU U,e beads <o P-de^ 

i^r r ^^^^^ 

^ sequence a^ on - .^'^^ d,a. U« seven an,ino acids 

T.e .ndin. of n,.» .o con... beads and » ^ beadj^ - 

,0 .3i,^b,no„c.o.e... -^T^^^icri-rr^ubod, 

r^FO ID NO-2) and a 69-mer oligonucleoude tag were strongly y 

(SEQ ID NU.zj , . ^ contrast only a small fraction of the encoded 

whereas blank beads were unstained. By «>"«^^' ° 

library bound D32.39. Analysis of itf events mdicated - 2% of the 1 rary 
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background levels. Significantly, this binding to D32.39 was specific for the combining 
site as it could be completely blocked by preincubating the mAb with soluble RQFKVVT 
peptide (SEQ ID NO:2). Individual beads from the library having fluorescence intensities 
comparable with the positive control beads were sorted into microfuge tubes for tag 
5 amplification by PGR (beads with fluorescence in the top 0.17% of the population were 
collected). The amplification reactions contained dUTP and uracil DNA glycosidase to 
prevent carryover contamination with soluble product from previous amplifications (see 
Longo et al ., 1990, Gene 93: 125-128, incorporated herein by reference). Nucleotide 
sequences were obtained from 12 sorted beads and the deduced peptide sequences are 
10 given in Table 1. Representative peptide sequences obtained from single beads having 
fluorescence which was not significantly above background are also tabulated for 
comparison. 



Table 1 

High Fluorescence Intensity Beads 



Sequence 




Kd. nM 


(SEQ ID NO:3) 


TFRQFKVT 


0.29 


(SEQ ID NO:4) 


TTRRFRVT 


4.3 


(SEQ ID NO:5) 


TVRQFKTT 


8.8 


(SEQ ID NO:6) 


QvRQFKTT 


16 


(SEQ ID NO: 7) 


RQFRTVQT 


76 


(SEQ ID NO: 8) 


KQFKVTKT 


340 


(SEQ ID NO:9) 


QQFKWQT 


370 


(SEQ ID NO: 10) 


KQFKVTQT 


410 


(SEQ ID NO: 11) 


TQFKVTKT 


560 


(SEQ ID NO: 12) 


TFRvFRVT 


1400 


(SEQ ID NO: 13) • 


— -FRRQFRVT . , 


not tested 


(SEQ ID NO: 14) 


RQFKQVQT 


not tested 



Kd. mM 
>1 
>0.4 
not tested 
not tested 
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T nw yiuorer ""^'' Tntensitv Be»d§ 

Seq uence 
(SEQ ID NO: 15) QTvTvKKT 
(SEQ ID NO: 16) QQVQRQTT 
5 (SEQ ID NO: 17) KTQvVQFT 
(SEQ ID NO: 18) QvTQvRVT 

tested 

(SEQ ID NO: 19) FVVTVRVT 

-n.e data in Table 1 is consistent with earUer studies demonstrating that the 

^ T^^o "^Q localized to the six amino acid fragment 
10 prefened recognition sequence of D32.39 IS locaUKO" in ^ ^^,„ 

RQFKVV of dynorphin B (sec Cnll sul.. The posiUvdy charged r««...s 

IgL »,d ine are suongly preferred in U.e firs, a,- fo«h positions of *e ep>«>^ 
Z p.eny Jinc appears exciusivC, as U.e ti-ird residue o, titis ,»otif . M ^^^ 
position gluunune is tt« f.vor«. residue in titis library, »hl.e U,e alrphatic b-b^ched 
,5 Tn^^no ac ds valine a.-e„antion«r oniy) a... «ueo„U« are clear., preferred as .he f.f,h nd 
ix residues. D-Valine appears » be bes, ».«a«d a. ,«sitions ouuide of ™ns„s 
SIX reMuucs. ^ t«^*^ /V ^ - 1400 nM) was 

motif. ll.e range of affinities of peptides that were selected ( K. 0.3 1400 
not unexpected given the design of the binding assay: bivalent primary anubody wuh 
:::: ::nd Lody detection. Manipulation of the binding valency .y 
20 using directly labeled monovalent receptor) and the stringency of wash condxuons wHl 
improve the capacity to isolate only the highest affinity Ugands. 

C Small Molecule Synthesis 

Although primarUy described in .enns of a.e syndesis of peptide or o.her 
25 urge polymer libraries, as no«d previously. U.e various aspec of .he present invention 
are eouaily applicable .o olher chemical synti,eses. Specifically. «.e apparatus and 
Tetl of th^presen, invention may be used to carry out a variety of chena«^^ synthests 
steps in many synthetic protocols, including, for example, .he synthesis of small 

moLles. L appa,a,us may be employed in a chemical syntitesis scheme » se ectively 
30 add reagent in conformance wiftti-e syndesis prou>col for ti.e particular molec,.le. 

P„,«,er,differen.synti.esispro««.ls ma, b. carried ou. in parallel, as w,.h 

U,e peptide syntitesis described above. »here diff^nt reagenu are added at different steps 
to yield a divert library of small molecules on solid suppom. These diverse hbranes 
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may be screened for desired properties by the methods described herein. Additionally, 
where such a diverse library of small molecules is desired, the library may be tagged so as 
to encode the synthesis steps which were involved in the synthesis of each discrete member 
of the library of molecules. 
5 Examples of the synthesis of such small molecules on solid supports include, 

for example, thiazolidinones, metathiazolidinones, and derivatives thereof, as described in 
Example 2, included herein, and U.S. Patent Application No. 08/265,090, filed June 23, 
1994, and incorporated herein by reference for all purposes. 

10 D. Methods for Generating Soluble Libraries 

For some applications, one may desire a "bead-free" or "soluble" library of 
molecules. Soluble molecules, both tagged and untagged, can be useful for a variety of 
purposes, including assaying the activity of a compound (see Section VI.B, below) and 
amplifying a tag. There are a variety of ways one to genexstc soluble molecular libraries, 

15 both tagged and untagged, and to solubilize compounds, both tagged and untagged, 
synthesized on a solid support. Typically, cleavable linkers are employed in such 
methods. 

For instance, and as noted above in Section II.B, cleavable linkers can be 
used to cleave tagged or untagged molecules from a bead or other solid support, thus 

20 solubilizing the molecule of interest. To produce a soluble tagged molecule, the cleavable 
linker will be attached to the bead or other solid support and have at least two functional 
groups: one for synthesizing the molecule of interest and the other for synthesizing the 
tag. Thus, the molecule and tag are synthesized attached to a common linker, which, in 
turn, is bound to the solid support. Once the molecule and tag are synthesized, the linker 

25 is cleaved to provide a soluble tagged molecule. 

* A single,- planar solid support can be used to synthesize the library, and the 
members can be cleaved from the support prior to screening using very large scale 
immobilized polymer synthesis (VLSIPS™) technology. See U.S. Patent No. 5,143,854 
and PCT patent publication No. 92/10092, each of which is incorporated herein by 

30 reference. In one embodiment, an array of oligonucleotides is synthesized on the 

VLSIPS™ chip, and each oligonucleotide is linked to the chip by a cleavable linker, such 
as a disulfide (see U.S. patent application Serial No. 874,849, filed April 24, 1992, 
incorporated herein by reference). The oligonucleotide tag has a free functional group, 
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„ „ tor amch^en, of U,e .nol^ule „ ^ u^ed. «Mch is -^P'-'^J 

;^„.aU» an' puHne analo. bases, me also conuins binding si,es Co, an,p„fcauon, 
r. PCR p.n,« s,«s. ^paonaliy a sequencing prt-ner si«, ^0 a shon s««on ».„uel, 
^ *e .onome. sequence of *e oligomer .„ be .gged. Then, <^^^^l 
syn^. i.=.. ton, a free «rminal amine groups on U» ug or a bnl«, Uni^d » Uie 
Uialeacb oligomer .s Un^ .o a .g. The c^on of »gged o«gon»rs «nbe 
lased .iom »,e chip by cleaving *e lin^r, creating a soluble »gged oUgon«r library. 

OU,er advanuges can be realized b, generatine soluble hbrarKS of 
molecules. In any bead-based iibrary. *e size (mass, of «.e head «^ imp^ ^..cal 
,im,ts on ,he si» of die library Uia. can be assembled. For insunce. sev^ g-- " 
beads may be required » assemble a library containing l<f — '^J^; 
™e presen, invenaon provides an impn.v«. meduid for symhes.=ng tagged molec^ar 
libraries Uia, enables one u> obtain much larger Ubraries much more pract^ally. Tb, 
improved method p«.vides a m«ms whereby the compou^ls are released from die solid 
suppor, prior to the mixing steps but are reattached to die solid support pnor «. each 

^' in this medKXi. Uie tagged molecule is immobilized on a solid suppon in a 
reversible manner, allowing one to retease diC tagged molecule from d.e suppor, dunng 
each of ,he mixing steps of die me«K.d. In one embodiment, dus reversible bmding ,s 
provided by an ultraiMtradon membrane (for suitable membnines, see, e.g., die 
■commercial CompatibiUt, Char." in the Miffipore catalogue, which shows me-nbranes 
inen ,o a variety of solvents and chemicals used in syndiesis methods,. A membrane wd, 
a molecuur weigh, cu.-off of about 2,000 to 10.000 daltons (such as d,e 
membrane, would be suitable for most libraries. During d,e coupling steps, die molec,^^ 
o, die library would be retained by die membrane, while die coupling and other reag^its 
would be drawn dirough a,e membrane by vacuum suctton. Tl,e vacuum would be 
released to aUow d.e molecules ,o be mixed during die mixing steps. 

in anoUier embodiment of d,e mediod. a reversible covalent linkage ,s used 
,o a,uch d,e u,gg«i molecules ,0 .he support during die coupling «eps. Examples of 
suiuble reversible chemical linkages include (1) a sulfoesKr linkage provided by. e.g.. a 
,hiola,ed tagged-molccule ^ a N-hydroxy-succinimidyl support, which linkage can be 
controlled by die NH,OH concentraaon; and (2) a disulfide linkage provided by. e.g.. a 
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thiolated tagged-molecule and a 2-pyridyl disulfide support (e.g., thiolsepharose from 
Sigma), which linkage can be controlled by the DTT (dithiothreitol) concentration. 

VI, Assay Methods 

The utility of large combinatorial libraries for ligand discovery depends 
critically on the availability of robust and affmity-sensitive biochemical assay 
methodologies. The presoit invention provides a number of novel assays for use with 
encoded synthetic molecular libraries, which in turn have a wide variety applications. By 
way of example, such libraries can be used in assays to identify ligands that bind 
receptors, such as peptides and nucleic adds that bind to proteins, drugs that bind 
therapeutic target recq>tors, and epitopes (both natural and synthetic) recognized by 
antibodies, as well as to idmtify a variety of compounds with pharmaceutical, agricultural, 
and medical diagnostic applications. Givm these diverse applications, there are a wide 
variety of assay methods relevant to the preset invention. Two important types of assays, 
albeit with some overlap, include bead-based assays and assays of soluble molecules. 

In general, however, such assays typically involve the following steps. 
The libraries are screened by assays in each different molecule in the library is assayed for 
ability to bind to a receptor of interest. The receptor is contacted with the library of 
synthetic molecules, forming a bound member between the receptor and any molecule in 
the library able to bind the receptor under the assay conditions. The bound molecule is 
then identified by examination of the tag associated with that molecule. In one 
embodiment, the receptor to which the library is exposed under binding conditions is a 
mixture of receptors, each of which is associated with an identifier tag specifying the 
receptor type, and consequently two tags are examined after the binding assay. 

A. Screening Assays for Bead-based Libraries 

When specific beads are isolated in a receptor screening, the beads can be 
segregated individually by a number of means, including infinite dilution, 
micromanipulation, or preferably, flow cytometry. Libraries of tethered ligands are most 
effectively evaluated in binding assays with soluble labeled receptors. By adopting 
cell-sized solid supports or beads, one can use flow cytometry for high sensitivity receptor 
binding analysis and facile bead manipulation. 
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Flow cytometry, commonly referred to as fluorescence activated cell sorting 
or FACS should be viewed as equivalent to "fluorescence activated molecular sortmg" or 
"fluorescence activated bead sorting" for purposes of the present invention. One of 
ordinary skiU in FACS methods for cloning mammalian ceUs expressing cell surface 
antigens or receptors can readily practice the assay methods of the present invenuon. In 
general, these assays involve the binding of a receptor labeled with a fluorescent tag to a 
mixture of beads displaying the diverse molecules of a molecular Ubrary. After washmg 
away unbound or non-speciflcally bound receptors, one then employs a FACS instrument 
to sort the beads and to identify and isolate physically individual beads showing high 
fluorescence. See Methods in Cell Biology. Vol. 33 (Darzynkiewicz. Z. and Crassman. 
H A eds Academic Press); and Dangl and Herzenberg, 1982. J. Immtmol. M^- 
52- 1-14 both incorporated herein by reference. Once the desired beads have been 
isolated, one identifies the tag to ascertain the identity (or molecular structure, 
composiuon, or conditions of synthesis) of the molecule of interest on the bead. 

Standard FACS instrumentation permits bead (ceU) fluorescence analysis 
rates of ~ 10* events/sec. and. when operated in single bead cloning mode, sort rates that 
are 5-10 fold slower. In assaying very large libraries (e.g.. > > 10' beads) some form of 
affinity-selective pre-screen can be used prior to individual bead isolation with the 
cell-sorter. For example, receptor-coated sub-micron sized superparamagnetic panicles are 
frequendy used to affinity purify specific ceUs from large, mixed populations by magneuc 
activated sorting (see MUtenyi 1990. Q^tsm^ 11: 231-238, incorporated herem by 

reference). To have a high probability of detecting very rare binding events, each 
different compound in the library should be present on many beads in the library. A 
practical upper limit for the size of an encoded library constructed from 10 part.cles, 
assuming a hundred-fold redundancy, is probably 10«- 10' compounds synthesized on - 
lO'" - 10" beads. Even larger libraries can be prepared using smaller beads, but 
conventional cytometers are unlikely to detect or manipulate particles much less than - 1 
,m in diameter. Of course, as noted elsewhere herein, the present invention provides a 
variety of applications for such small beads in the synthesis and screening of libraries of 
molecules. For instance, by using the oUgonucleotide tag concatenation method of the 
invention, one need not use FACS methodology to sort the molecules in the library. 

Nonetheless, one should not underestimate the power of FACS 
instrumentation for purposes of die present invention. In one assay method of the 
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invention, the tagged molecular library is synthesized on fluorescent beads. The beads are 
smaller than cells and composed of a fluorescent material. The library is incubated with a 
suspension of cells expressing a high level of a cell surface receptor of interest, such as a 
G-protein-iinked receptor. Of course, one can also perform a variety of controls, such as 
conducting all steps with cells that do not express a high level of the cell surface protein, 
and use those controls to identify false positives. 

In any event, cells expressing the receptor can bind to any library members 
presenting a ligand for the rec^tor. Fluorescently labeled cells can be readily 
distinguished and separated from fluorescent unbound library beads and from unlabeled 
cells with a FACS instrument based on light-scattering or another fluorescent signal, e.g., 
from a cell nucleus. After sorting, the tags from the beads attached to the cells are 
examined to identify the ligands specific for the receptor. Depending on the application, 
one would sort for cells expressing the highest level of the desired receptor, e.g., by 
selecting only the brightest cells, and would adjust the binding conditions to maximize 
specific binding events. To discriminate between ligands specific for the receptor of 
interest and those specific for other cell surface receptors, one could examine tags 
associated with beads binding to cells expressing high levels of the receptor of interest and 
cells that do not. 

The methods of the present invention also enable one to use FACS 
instrumentation to sort tagged molecular libraries synthesized on beads much smaller than 
the smallest beads current FACS instrumentation are capable of sorting. In this method, 
encoded synthetic libraries are screened for effector activity on signal transduction 
pathways. The synthetic library is constructed with several modifications: (a) the beads 
are 1 /im or smaller and need not be sortable in the FACS, allowing rather small beads to 
be used in some instances; (b) the tags are oligonucleotides resistant to the intracellular 
environment (most particularly nuclease resistant), phpsphorothioates are preferred for this 
purpose; and (c) the peptides (or other diverse chemical entities) are attached to the bead 
support via a linker that cleaves in the intracellular environment. Such linkers include 
linkers that can be cleaved upon the application of an external factor, such as light, that 
does not harm the cells and linkers labile to the intracellular environment, such as a 
phosphodiester bond or a disulfide bond, but in any case, the cleavable linker must be 
stable to the parallel synthesis process. 



PCT/US94/12347 

WO 95/12608 

62 

The Ubran. are inuoduced in,o .he ,epo«e, cells preferably b, a 
^eal process such for example. bioUsdc proJecUon. J^' ^.^ 

h.„cheh,>caH,-m=aia»d process leaain. .0 — Uo„ ca. be "^^^^^''^^ 

material would contain 10^ molecules of the synthesized peptide. If all th y 
' — .e.s..o..be..s.a..a^.^^^^^^^ 

— rra:b:iof.epa..,of.^. rr^ iii^rhe. 

acve ------- ^ a„a use. . sc^n a 

« B the enzyme bela-ealactosidase) capable or 
population of cells thai express a receptor <..e.,lhe enzyme 

!0 ^ini a fluor^cen. or other detectable signal, i.e. , by cleavage of a substrate to 

pX . detectable compound. The beads are then mix«. with a population of me 2, 
'tra.^ allowed to attach to the beads. If the receptor on Ute ceU sur,^ . stimula^ 
rtltlnd on the bead, titen -e detectable compound is produced, provrt^mg a .«s,s 
IZZJL^ cells atiached to tite beads from unactivated ceBs. One c«nd emplo 

.5 ^::pHa» reagents Ci.e.. ^ labeled or unlabeled ,ecep«,r, to maximize selection of h.gh 
affini., ligands^^^ ^ ^^^^^ ^^^^^ ^ „„„ p„^s 

Of scre^iing and selecting for library moieties of interest. In one embodiment an 
Jlled syntbetic library is screened for antimicrobial activity to find compout^s that 
30 ::^^te growth or IdU bacteria or an, o«,« microorganism th.. can be pUt«d m ^ 
d rensions such as virus-infected cells, many oncotic cells including cancer cells, and 

irU»-. "'"^ - ""-^ '^'^ ~ 
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against cells in agar culture by controlled release of the peptide or compound from the 
bead on which it was synthesized. 

The steps of the method follow: (1) plate the cells of interest on agar 
plates; (2) overlay the cells with another layer of agar in which the beads bearing the 
synthesized peptide/drug are suspended at a dilution that provides for even dispersion so 
that individual beads can be picked, e.g., with a capillary tube, from the solid agar; (3) 
initiate release of the peptide/drug from the beads; (4) culture the plate to allow diffusion 
of the peptide/drug from the bead immobilized in agar into the surrounding agar and into 
the agar below containing the indicator cells; (5) read the extent to which the diffused test 
compounds from individual beads have affected the growth/morphology/phenotype of the 
indicator cells; (6) choose zones where the indicator cells exhibit the desired response 
(e.g., death of a bacterial lawn) and using a capillary tube or similar, pick out the zone of 
agar that contains the original bead from which the test drug had diffused; (7) read the tag, 
e.g., by PCR amplification of the encoded material on the individual bead, to determine 
the structure of the peptide/drug that elicited the desired response; and (8) optionally 
chemically synthesize the appropriate drug/peptide and verify desired effect. 

There are a variety of ways to release the test compound from beads. For 
instance, one could partially cleave the peptides/drugs from beads using TFA and allowing 
cleaved peptide to dry down onto the bead surface in such a form that subsequent 
resuspension in water (agar) will allow release of the peptide/drug and localization of the 
released compound to the zone of agar around a particular bead. One could link the 
drug/peptide to the bead using chemistry that is sensitive to a particular change in bead 
environment that can be initiated upon plating onto the agar and indicator cells or after 
plating and agar solidification, e.g., a photosensitive linkage, a thiol sensitive linkage, a 
periodate sensitive linkage, etc. These chemical agents could themselves be diffused in 
through another thin agar overlay, if necessary. Such release chemistry must be 
compatible with the integrity of the test substance, integrity of the encryption on the bead, 
and health of the underlying indicator cells. The particular release chemistry used will 
also of course depend on the type of chemistry used for synthesizing the library and the 
nature of the indicator cells. The method is especially preferred for screening libraries of 
beta-lactam antibiotics for identification of new antibiotics that might kill newly evolved 
strains of bacteria resistant to existing beta-lactams and for screening peptide libraries of 
analogues of known anti-bacterial peptides such as the magainins. 



10 
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Ott«r me*ods c<» also be used » sceen bead-based ..o.ecula, ..branes. 
^„ adson-on ^Cnlque, can be e»^.o,ed in conjunCon wUb U,e ..b,anes o * 
tri. fI «a-P>«. Of beads can b. exposed .o a surface on wh,cb a 

^ b, refe-encc). A«.r »asbin. s„bs«e u. .n.„ve unboun bea^^ne can .ben 
e,«« beads bound B. surface using condWons dm, reduce the avrduy o 0« 
rCl'recep^r in^racUon (,o» pH, acid ireafnen.. or base trea«nen., for example,. 
^llessTf afflni^yadso^aon can be repeaied wiU, d» e.„«d beads, if desrrab,. 
^ and relau. variant, such as U« use of magnetic seiecuon descnbe^ 

n can be ;raedced in diverse ways; fbr insU-K. d« soiid support can be a restn 

oacked into a chromatographic column. 

another method of .he im».don, Bbn^ies of "^dKred- compounds are 
as a source of smrctural di^rsi., in a form s„i»ble fbr affinity purification of 
^es of related mol^les. such as ^ of r«.p.ors of pharmacologtc tntc^st. In 
^ Ls method rd^c, » *e use of a ^gged and .ethered moiecuiar Ubrary «. scr^n 

Ubrary of un^gged moieCes. -n. ugged. ».hered Ubrary moiecuie s«ves as 
an affinity purificafion reagen. » ^ compiex mixnnes of soluble protons, 
olison»Lides. cad,ohyd,a«s. .n»-bodles. ^ Subs«,ue.. to affintty punficauon, 
JTules bind K. «» c»nbin««ia. Bbrar, members are identified by eluuon and 
, ..paraxon and idend-cario. methods. combinatorial Ubraty .s ^ d v.ded 

Z LJZL, Of combina^rially synd-esixed compounds to 
..peated cycles as necessary, .«iucdvdy a^l predsel, which compound(s) medtate the 
binding process^ ^^^^ ^ ^ „^ „ 

3 ami Clone novel recep«,rs. Man, recept«s axe members of famiUes of 

seouence homology (usually reflecting divergen, evolution from a. ancestral parent, bu. 
exhibtt differe^xs in d«ir sp«ifici.y/affini.y for s»»cbnall, rehaed seB of 
B^cognate receptors. Each member of a receptor family (RJ ma, represent a 
I^rate urge, for specific pharmacologic action and henc for drug discover, and 

30 ^m^ b, virof ««ir different prop-i«. ^ ^'^■"^ 

a^Iforli ands.e.c. If one idend^ . »=ep»r (RO w^ose bimiing proper.es a^^f 

suflicien. inures, so .ha. «.e idendflca«on „, «her ,ecep»rs in U« same V -'^ 
teneficial. U.en one c». emplo, U,e fdMowing m«hod u> identify receptors rel«cd K, R, 
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their binding site properties. One first identifies a ligand that binds to R, and then creates 
a tagged combinatorial compound library of molecules closely related structurally to the 
ligand. 

Next, one prepares polysome preparations from ceDs believed likely to 
5 express additional members of the receptor family. Such polysomes comprise ribosomes 
attached to mRNA with pendant receptor in various stages of protein synthesis from 
nascent peptide to almost fully elaborated protein. The receptor protein nearing completion 
of synthesis will express the specific receptor property of binding to one or more members 
of the combinatorial library. Using the combinatorial library tethered to solid support, 

10 affinity purification of polysomes bearing receptors with affinity for any member of the 
combinatorial library is p^ormed. Such affinity purification may involve column 
chromatographic methods, batchwise separation of immobilized components from the 
liquid phase, or aqueous two phase separation methods to achieve separation of the solid 
phase bearing attached receptor and relevant mRNA encoding the receptor from 

15 non-adherent polysomes. 

Next, one performs cDNA synthesis from the mRNAs that encode the 
cognate receptor population using standard technology (reverse transcriptase, etc.) and 
clones the cDNA population into a vector suitable for rapid sequence analysis. Dependent 
on prior knowledge of the receptor sequences that are likely and the degree of sequence 

20 conservation that can be anticipated, one may attempt to use PGR or another amplification 
to amplify the cDNAs enriched by this method. By sequence analysis of a suitable number 
of cDNA clones, one can identify cDNAs (whether full length or not) that show sufficient 
sequence homology with the sequence of the already known receptor R, to represent 
putative additional members of the same receptor family (RJ. One prepares optionally full 

25 length cDNA clones of these novel cDNAs (or relevant portions thereof, such as the 
portion encoding the extracellular domain of relevance to ligand binding) by standard 
cloning methods and expresses these cDNAs by standard methods (i.e., in eukaryotic 
expression systems as soluble or membrane bound proteins as appropriate). Using 
standard formats for testing receptor ligand interaction, one tests for binding of populations 

30 of mixed compounds from the combinatorial library or individual compounds. In this way, 
one can identify precisely which compound(s) ft-om the library bind to the newly identified 
recqptor. 
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individual beads can be physically separated, for example, by limited 
dilution or by methods similar to those in which ceUs are incubated w^ptor 
coupled to small superparamagnetic beads and then cells expressing a n,.d fo^ 

Jptor are extracted using a high power magnet (see Milteny. ^'^^^ 
receptor ax ■„ uv reference) As noted above, magneucally selected 

5 u: 231-238 incorporated herem by reference). ^,.„„„,j^^,es may also serve to 

cells can be further analyzed and sorted usmg FACS. Radionuc ' 
:^1 a receptor, allowing one to identify and isolate beads by selectmg beads that are 

radioactively labeled. 

in <;creenins Soluble Molecules 

lean also e.p,oyug6ed«»tecu.-a.-ie..o use..! .ffecu. novel 

assays of .he invention .n which a U.and i. in eM«r ugg^ or un««ed 

;rJbinain. .o a recepio. of in.e,e«. 

Ld.f..e) UBie- molecules, one pref^ly «"PX.y» ctao-of^y 
,5 of wea. a^nl.,. Po, e^le. a 30 m. Ub»y of .0- '^'^ ^^ 

sceened wl* a ^n.ple 10 ml. aHlniiy chroma^^y con«.n.„t a few hundred 

<" ■ OHBonuclooades are prefe^d fo, such ,.h.a„es^^.n. 

Idily PCR a-nplified and cloned in» *e commercially available TA Conmg vec o, 

U» ). = cnvenien, form fo, s«ing Uig infonnaUo. prior u. ^js. by DNA 
.0 rri^ in Ldilion. ougonucleo^de «gs cao be «>nca»na«.. as descnhed above 

rZte » couec. pools Of soluble ^ molecules, clone .he concaren.^ .a.s from 
U« sdL. pools, and se,ue„ce «,e u.s «. idenUfy .he de^ comp™^ 
soluble Ogged molecules can also be screened usmg an ,mmobU,zed 
receplor. After con«.ing d.e ugged molecules wid. *e immobib»d recep»,r a^ 
„ away non-specifically bound molecules, bound, ugged molecules are released 

rrrrecUby^,ofawidevarie.yofmea»ds. The ugs are opUonall, ampl.fed 
rien eJinea an. decoded ,o iden^fy d.= s«uc». o, *e molecules b,nd 
specifically .o .he recep.or. A ugged oligomer in solution can be assayed us.ng a 
::,.or ilmobilired by a^chmen. . a bead, for example, by a ' 
30 nuoLcen.,, Ubeled ligand. One ma, recover U,e beads beanng .mmob.lu«l rec^»^ 
ZZ U,e beads using FACS .o identify positives (diminished nuorescence caused by *e 
Trary molecule competing wi* U.e labeled ligand). "n-e associa«d identifier .ag .s .hen 
be amplified and decoded. 
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The soluble molecules of the library can be synthesized on beads and then 
cleaved prior to assay. In one embodiment, the microscopic beads of a molecular library 
are placed in very small individual compartments or weUs that have been "nanofabricated" 
in a silicon or other suitable surface. Beads are loaded in the wells by dispersing them in 
5 a volume of loading buffer sufficient to produce an average of one bead per well. In one 
embodiment, the solution of beads is placed in a reservoir above the wells, and the beads 
are allowed to settle into the wells. Cleavage of the oligomers firom the beads may be 
accomplished using chemical or thermal systems, but a photpcleavable system is preferred. 
The molecules of interest can be cleaved from the beads to produce either untagged 

10 molecules in solution (the tag remaining attached to the bead) or tagged molecules in 

solution. In either event, the molecules of interest are cleaved from the beads but remain 
contained within the compartment along with the bead and the identifier tag(s). 

In one embodiment, a surface or a portion of the surface of the well is 
coated with a receptor. Binding buffer and a fluorescently labeled known ligand for the 

15 receptor is added to the well to provide a solution phase competition assay for ligands 
specific for the receptor. The binding of the fiuorescently labeled ligand to the receptor 
can in one embodiment be estimated by confocal imaging of the monolayer of immobilized 
receptor. Wells with decreased fluorescence on the rec^tor surface indicate that the 
released ligand competes with the labeled ligand. The beads or the tags in wells showing 

20 competition are examined to reveal the identity of the competitive Ugand. 

Recovery of identifier-tagged beads from positive wells may optionally be 
effectuated by a micromanipulator to pluck individual beads out of wells. Another mode 
involves the use of beads that have incorporated a fluorescent molecule, either during bead 
manufacture or through labeling. A laser of the appropriate wavelength is used to bleach 

25 the resident beads in only the positive wells. All the beads are then removed en masse and 
sorted by FAGS- to identify- the- bleached positives. The associated tags may then be 
amplified and decoded to identify the molecules that bind specifically to the receptor. 

r 

In another embodiment of the invention, one employs relatively large tagged 
! beads, from which the molecules of interest are cleaved in a series of reactions. In this 

30 method, the beads are SO to 500 fim in diameter, with capacities equivalent to 100 to 500 
pmol of peptide per bead; preferably, one uses 100 pLtn beads with a capacity of about 200 
pmol, if constructing a peptide library. The typical size of such a library is from about 
10*^ to 10*, preferably 10^ different molecules. The library is divided into about 100 pools. 
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K . ino 000 beads A certain percentage, about 25% , of the molecule 
each containing about 100,000 beaas. 

of i„,=«s. is Cleaved from >he pool, producing, in U,e of a pepude Ubrar,, for 
examote each peptide at 50 nM in a volume of 1 mL. 

me cleaved pool is then tesied in a competition or functionaj assay. One 
identifies the pools with me highest activity, and then retrieves the remainder of the 

origin- P".! - -'l-^ '°° -^'^ °' ,f,es 

prlss repeated until one has a single he^. ftom which one reads the tag and .dent.n« 

L compound of interest. This meth^ avoids the resy„d»sis arid frame _s of the 
Houghten method and is advanugeous in that the pools are random, rather than related, 
eomjounds. The chances of a mi,«.re being acdve because of the cumulabve potency of 
many low affinity related molecules is reduced. 

C Screening Natural Product Libraries 

With the automated high flux assays that are now available, the present 
limitations in natural product screening are first, the abiUty to obtain and handle (dispense, 
dissolve, label, etc.) the samples; and second, the substantial effort required - 
the active components of positive samples. The present invention provides meO^ods for 
generating and screening natural product Ubraries that can provide a huge number of 
samples in readily screened form and to identify active components in the samples. T^e 
basis of the method is the combination of biochemical and chemical diversity with 
„.etabolic diversity from "natural products", i.e., from nature. The simplest example 
involves feeding collections of peptides to cultures of microorganisms. Each mtcrobtal 
strain might create many modified peptides (a metaboUte Ubrary). Because each ctUture 
would (potentially) contain a very complex mixture of metaboUtes. an efficient method of 

) screening is required. 

several approaches are available and might be orthogonally classified as 
factored or tagged, and soluble or tethered. For the sake of Ulustration. consider « the 
"feedstock" a library of soluble peptides. An aliquot of the library is incubated wtth each 
of the many strains typical of a microorganism fermentaUon screening program, and the 

0 media screened in typical fashion. Positive cultures are then incubated with subsets of the 
libraries and rescreened. This process of factoring continues until the input.pepudes 
generating the most active metabolites are identified. The characterization of the actwe 
n^etabolites then proceeds aided by the knowledge of the likely precursor molecules. 



wo 95/12608 PCTAJS94/12347 

69 

Thus, the first screwing identifies the active organism(s), subsequent steps identify the 
active precursors, and finally, the active metabolites are identified by standard analytical 
means. 

In all its formats, however, factoring is a tedious process. Libraries 
5 produced by split synthesis and cleaved free of the resin produce soluble compounds 
amenable to cellular uptake and metabolism by intact organisms. However, the 
concentrations of the individual compounds is quite low (inversely related to the diversity 
of the collection), leading to inefficient enzymatic turnover and very low concentrations of 
the resulting metabolites. The concmtrations of the compounds may be increased by 
10 producing subsets of the libraries and fermenting each subset separately with each 

microbial isolate. Sub-libraries are constructed by fixing one or more of the positions and 
randomizing the remaining positions. For example, there are 500 pentapeptide sublibraries 
^containing all permutations of 2 fixed positions utilizing 50 building blocks. Each of these 
sublibraries contains 125,000 compounds. The use of tagged libraries offers a major 
15 advantage in ease and sensitivity, but requires modifications in the method of exposing the 
compound collections to the metabolic activities. The combinatorial feedstock need not be 
only peptides but could consist of any type of combinatorial chemical collections. 

Oligomer and other molecular libraries can be constructed in a combinatorial 
process and each step encoded with identifying tags. This may be done via a direct 
20 linkage and parallel synthesis of the oligomer to the tag. If oligonucleotides are used as 

the tags, then the complexes will be relatively large but small enough to insert actively into 
the cells via liposome fusion, rfectroporation, solvent permeabilization, etc. Once inside, 
the complexes would be subject to the metabolic machinery of the cells. One would avoid 
the vulnerability of the oligonucleotide tags to degradation by the use of modified 
25 nucleotides and nucleotide linkages. Upon recovery of the active metabolites from the 
culture' of fiDm lysed cells,' the samples are - screened and the tags decoded to reveal the 
precursor compound. Scaled-up fermentation of the active organism with the active 
precursors should produce sufficient quantities of the active metabolites to characterize. 
Libraries of compounds made by an encoded combinatorial process on beads can be 
30 exposed to lysates of bacteria, fungi, plant cells, etc. With this format, the need to insert 
the tagged complexes into intact cells is avoided, and only a relatively few of the many 
molecules on the bead need be processed to be detected (e.g., in a fluorescence-activated 
binding assay) ; 
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Another useful metlKXl of the tovendon involves the udtotion of Ute 
p^lucts of one n^cohial culntte as feed for »,other culture. To -^^-^ 
collecuon of 100 different micobUl isolates from large scale cultures (- 1 Uter). Tl» 

of each culture is recovered b, fUtraUou and divided into one h^dred lOntL 
5 auZs Each ali,uo, is inoculated with one of me 100 strains and u«ubated. 10 000 

of ntetahoU^s, are dtereh, generated fr„™ the .00 ^ .so^-- 
This method of con,binat„,ial meubolism can be extended to sequential ne.abol.sm by 
greauy different species: subjecUng the product of microbial fenne«atfon to taxation 
tid, exotic plan, lysates or incubaUng extracts, ftacdons of plant tissues »,h fungal 
0 cultures, for example. These meUiOds can be used in combinadon; any P^dnc. of a 
Chemical diversity generadng method can be subjected to d«se sequential metabolism 

product exposure steps. 

in another aspect of die invention, natural product div^stty .s screened by 

crcadng a mixture of combinatorially-tagged Uposomes. each liposome pref^ly 
,5 encapsuladng only one m«nber or a simple mixture of a n^utal produ«compound 

libn^. •n.einvendonaUowstorthesimulta^ousassayoflOOO-s-lO.OOO sofchem.cal 
compounds or nanual product extn«ts and assay of lOO's of chromatographically separated 
fracUons derived from natural p^duct extracut are ^nal-p«ntive. In *is connectton, 
■simulta^ous- means assayed togaher in the same tube «id. U« cdls of the readout 
20 systenn 

The mixture of combinatoriaUy tagged Uposomes is prepared as follows. 
For each individual natural product extract or chemical from an inventory, one prepares 
^ uposomes encapsulating the test substance in aqueous phase. A unique hposome 
tag is incorporated into the liposome preparation at the time of encapsulauon. The 
liposomes can be lyophilized for long-term storage at low-temperature, a sigmficm^t 
advantage to the collection and storage of natural product samples near the site of 
collection, as well as for the long term storage of the natural product extract in a form 
suitable for subsequent combinatorial experimentation. The Upids in the hposome 
preparations are preferably identical for all samples and chosen in terms of types and 
composition to produce unilamellar liposomes of the desired size and integrity. Agents 
such as trehalose can be included at the time of Hposome formation to allow lyophti.zation 
and subsequent reconstitution of intact Uposomes by addition of water. At the time of 
generation/regeneration of tagged liposomes encapsulating the extract/chemical, one can 



25 



30 
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also use a high pressure technique that allows for the encapsulation of greater volume of 
aqueous phase than the calculated volume enclosed by the liposome. A 3 - 5 fold increase 
in volume-equivalent can be encapsulated by this pressure method, allowing greater 
volume of test material to be tested, hence greater signal in the cell-based readout. 
5 Existing liposome technology allows for creation of liposomes that 

incorporate a high percentage (>80%) of the aqueous phase (relevant to the efficiency of 
use of each test substance). Unincorporated aqueous phase can be removed by diverse 
''wash** methods. In addition, one can create liposomes that do not leak or exchange 
encapsulated aqueous phase (relevant to the specificity of tagging and absence of mixing 
10 enclosed aqueous phases), as well as liposomes that do not exchange components inserted 
into their lipid monolayer (glycolipid/protein antigens inserted as tags cannot be 
exchanged). 

A wide variety of tags can be employed with the method. For example, the 
tags can be: (a) different fluorophores with excitation and emission properties that allow 

15 the fluorophores of each to be measured in the presmce of each of the others, or 

combinations thereof — the fluorophores can be selected to partition in the encapsulated 
aqueous phase or in the membrane phase of the reconstituted liposomes, facing outwards; 
(b) different metal cations of rare earth elements that can be distinguished individually by 
atomic absorption spectrometry — the rare metal atoms would be designed to partition as 

20 salts in the encapsulated aqueous phase of the reconstituted liposomes; ( c) different 

antigens, that can be distinguished by their specific reactions with appropriate monoclonal 
antibodies and primary/ secondary florescent detecting antibodies/fluorophores, as necessary 
~ the antigens, borne on proteins, glycoproteins and/or glycolipids, can be selected to 
partition in the membrane phase of the reconstituted liposomes, facing outwards; and (d) 

25 combinations of antigens, fluorophores, and/or metal ions can greatly increase the number 
of possible signatures for* simultaneous screening,, andean additional level of tagging of 
different liposomes (increased numbers) can result from use of different levels of 
fluorophores/metal ions/antigens, such that the different "quanta" of each component in the 
signature mixture could be identified. 

30 One can also employ a general fluorescent tag that shared by all liposomes 

that enables rapid selection of cells fused with a liposome from those that did not fuse with 
a liposome. This tag is distinct from any tags used in combinatorial labelling of the 
individual liposome preparations and is mixed in with the liposome-generating lipids, the 
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.aES and «» «,ueo«s sanpl. of d™g/nat„r.l prod-c, a, ume ot Uposome 
L ca. e.p>o, a - seT^— =^ « de..,, 

,i e in .he liposome men>bn>ne) b». fta. wiU exhibit fluorescence in the outer cell 

of Tcell after a liposonie fusion even, and lateral dif^sion of Ute fluorop^^ » 
5 ntenthrane. Depending on the ™ode of Uposon,e ^sion with ^-.J^J^ 

incorporate a fusogenic protein of viral origin, or a glycoiipid. for example, that wdl 
:^«gh. adhln of liposome to cell (dependent on a lectin Bl« 
Ilted ly a suitable receptor incorporated as necessary into the ceH ^ used for «ad 
out, such an element would not affect Uposome-U^»me int^actio. (an even, to be 
10 avoided) but can enhance the efficiency of UposomeM^ellfiiston. 

-The method can employ a cell read-out sys^m .ha. utilizes a cenune that 

contains a repor^r gene (e.g.. luciferase, be«-g.l3«osidase, downstr^ of a promo» 
that is activated in response to addidon of a. «.ogeno«s hormone or l^d. stKh a^ 
suroid cytoldne,prostagUmdin.-.tibody. antigen. e«.«.d«ce«s. B.nd.ngof«.e 

,3 Zjng ligand » ei«,er a cell surface recep^r or a„ in^acellnlar r.cep«» ac.vates a 
signal cascade out leads ultimaW, to acavaaon of the responsive promoter and 

Isciption of the signal gene. Expression of d« signal ptotein le^s to generauon of 
™1 L d.e individual activated ceU .ha, can be de««. ,uantiutively. n a search for 
compounds that act on an, par. of the intntceUular signal transduction cascade as 
,0 anta^. «.e entire population o, cells can b. preheated by addition of 

sig.^ agonis. (cyu.ldne. hormone. e«.). and one measures a decrease .n stgna. outp« on 
L hHtilal cell basis after the Uposome fusion even.. In a search for compounds tiia. « 
I any par. Of ti.e intiacClular signal transduction cascade as agonists, no exogenous stgnal 
^ be added u> fl.e cells, and one can measure Ute appearance of a stgnal on an 
25 individual cell basis after tite liposome fusion event. „„„her excess 

The mixture of ugged liposomes is mixed with a very large number excess 
Of readout <^ls. Cell number excess is cdtical such ^ after liposome-ceU fusion only 
^ foUowing products will result: 0) ceUs that did not fitse with a liposome; and („) cells 
L Iscd 1 one Itposome (acceptor cells,. Emcien. mixing is essential at tins step a^d 
30 can be performed using a continuously stirred or linear-now cell suspenston .o whtch tite 
lipcsomTmixnrre is added a. a slow ra«. Fusion is htitiaied by s^ndard me^ods such a^ 
addition of PEG or application of a high voltage. Fusion may be enhanc«. tf necessary by 
inclusion of a fusogen or a ligand-receptor recognition pair into the cell-liposome 
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membranes. The fusion step effectively adds the aqueous phase compartment of a single 
liposome to an acceptor cell. Hence, the aqueous natural product extract, test compound 
from a chemical inventory, or fraction from chromatographic separation of a natural 
product extract is now able to act at any point in the intracellular signal transduction 
5 pathway. The fusion step also adds the specific tags that provide the signature of the 
particular test compound sample to the individual acceptor cell. If those tags were in the 
lipid membrane of the liposome, then the tags are distributed in the outer cell membrane of 
the acceptor cell. Antigens at this location are accessible to panels of specific monoclonal 
antibodies. Rare earth metal ions that were in the aqueous phase of the particular 

10 liposome are in the acceptor cell cytoplasm. The fusion step also adds the shared liposome 
tag that identifies cells that acted as acceptors from those, the excess, that did not undergo 
a liposome fusion event. The tag can be a fluorophore that moves from the liposome 
membrane to the acceptor cell membrane. 

The mixture of cells, cells fused to individual liposomes, and any unfused 

IS liposomes is next incubated with the exogenous ligand (e.g., in the case of testing for an 
antagonist) or incubated without any addition (e.g., in the case of testing for an agonist). 
The time of this incubation is determined using control compounds at defined 
concentrations and incubation times. 

Preferably, one uses FACS to select compounds (cells) of interest. For 

20 instance, one can first use forward or side light scatter to sort cells (whether acceptors or 
not) from any unfused liposomes. Large cells can be readily separated from small 
liposomes. Next, one can sort cells that were liposome acceptors from those, the excess, 
that were not liposome acceptors. Cells that were acceptors bear the shared 
lip)osome-derived fluorescent label, whereas the non-acceptor cells are non-fluorescent with 

25 this label. This step is of course optional but, if performed as a presort, allows separation 
of the (typically) -majority of cells that. are irrelevant to subsequent analysis from the 
minority that were acceptors. For identification of an antagonist, one can sort on the basis 
of light emission from the reporter protein (e.g., beta-galactosidase or iuciferase), 
separating the majority of fluorescence-positive cells (rendered such by addition of the 

30 exogenous ligand earlier), from the minority of fluorescence-negative cells or low 

fluorescence cells. The latter two cell categories result from presumed antagonist effects 
of compounds that were encapsulated in the particular liposomes that fused with these 
individual cells. For identification of an agonist, one can sort on the basis of light 
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Vn. Instrumentation 
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synthesis solid supports, under programmable control, to the various channels for pooling, 
mixing, and redistribution. 

In general, however, the instrumentation for generating synthetic libraries of 
tagged molecules requires plumbing typical of peptide synthesizers, together with a large 
5 number of reservoirs for the diversity of monomers and the number of tags employed and 
the number of simultaneous coupling reactions desired. The tag dispensing capability 
translates simple instructions into the proper mixture of tags and dispenses that mixture. 
Monomer building blocks are dispensed, as desired, as specified mixtures. Reaction 
agitation, temperature, and time controls are provided. An appropriately designed 

10 instrument also serves as a multi-channel peptide synthesizer capable of producing 1 to SO 
mgs (crude) of up to 100 specific peptides for assay purposes. See also PCT patent 
publication 91/17823, incorporated herein by reference. 

Typical instrumentation comprises (1) means for storing, mixing, and 
delivering synthesis reagents, such as i>eptide and oligonucleotide synthesis reagents; (2) a 

15 sealed chamber into which the various reagents are delivered and inside of which the 
various reactions can proceed -under an inert atmosphere; (3) a matrix of sealed reaction 
vessels; (4) means for directing the flow of reagents to the appropriate reaction vessels: (5) 
means for combining and partitioning small (0.1-100 ftm) beads; and (6) means for 
washing the beads in each reaction vessel at the conclusion of each chemical reaction. The 

20 matrix of reaction vessels can have any one of several designs. For example, the vessels 
can be arranged in a circle so that the vessels can be made to rotate about a central axis 
(i.e., a centrifuge). Alternatively the vessels can be arranged in a 12x8 matrix (96-well 
microtiter plate format). Any arrangement amenable to accessibility by robotic delivery, 
aspiration, and transfer functions is useful for some applications. 

25 The system used for combining and redistributing particles can have one of 

several designs. For instance, the beads can be suspended in a solvent of appropriate 
surface tension and density such that a robotic pipetting instrument can be used to transfer 
the beads to a combining vessel. After mixing, the beads can be redistributed to the 
reaction vessels by the same robotic pipettor. Alternatively, the beads can be combined by 

30 using a special valved reaction chamber. The valve is opened to allow solvent flow to 
transfer the beads to a combining vessel. After mixing, the beads are repartitioned by 
reversing the flow to each reaction vessel. 
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In another embodiment, the beads are combined using closely spaced 
reaction vessels with open top ends. Flooding the vessels allows the beads to nux. If the 

axe magnetic, ti^en the beads are re-partitioned by pulling the beads bac. down to 
the bottom of the vessels by application of a magnetic field. Non-magnet.c b^ds ^e 
xe-paxtitioned by vacuum suction through the bottom of ti,e reaction vessels. In yet 
anoCr embodiment, the beads are partitioned by distributing them on a flat surfacea^d 
U.en restricting ti.em to certain sectors by covering ti.em with a "coolae-cutter shaped 

device, described more fully below. 

The system for washing the beads can also have one of sevend designs. 
H^e beads can be washed by a combination of Uquid delivery and aspiration tubmg. Each 
reaction vessel has its own set of tubing, or a single set can be used for all reaction 
vessels. In the latter case, the liquid delivery and aspiration lines can be moun^ on a 
robotic arm to address each vessel individually. beads in each vessel can be ma^^. to 
form a single pellet by either centrif^gation or the use of magnetic beads and ap^hc^o o 
a magnetic field. One can also employ a reaction vessel with a bottom wall composed of 
Chemically inert membrane so that reagents can be removed from tiie vessels by 
appUcatioI of a vacuum. Reagents can also be removed ftom each vessel by usmg vessels 
that can accommodate continuous flow through of reagents and washing solutions, i.e.. a 
vessel with luer fittings and membranes on each end. 

Any automated combinatorial instrument that reUes on an individual reaction 
chambers each connected to reagent deUvery systems and to a "mother pof to which tiie 
heads are pumped for pooling and from which tiie beads are reallocated among Uie reacuon 
Chambers for successive rounds of monomer addition faces a very important pracU^ 
limitation. THere is a wealth of monomer or otiier buUding block umts, and the difficulty 
25 of partitioning beads and reagents among Uie potentially large number of reacuons may 
limit such instruments to fewer tiian 100 separate parallel reactions. 

The present invention provides an instrument that avoids the need to pump 
beads between chambers to mix and reallocate. simpUfies reagent deUvery. and alU,ws the 
simple and accurate partitioning of very smaU numbers of tiny beads. Hie basic design 
30 consists of a plate with an array of reaction "sites" located on the surface; the surface may 
be planar or may consist of an array of shaUow wells that form reaction sites. In one 
embodiment, there are 256 sites in a 16 x 16 array. Each reaction site is a spot, or well, 
on the surface to which a group of synthesis beads is attracted. The attractive force may be 
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magnetism, vacuum filtration, gravity with passive mechanical sorting, or various other 
simple means. The beads are initially applied as a dilute slurry in a shallow reservoir 
evenly covering the array of reaction sites. Upon application of the attractive force, beads 
are concentrated at each site. 
5 After positioning all the beads on the reaction sites, the sites are then 

separated by mechanical partitions to create (temporarily) the individual reaction chambers 
as shown in Figure 29. A variation provides partitions permanendy affixed to the surface 
to form shallow wells. The reaction components are delivered to each chamber, die beads 
released into suspension, and the reaction initiated. When desired, the beads can be 

10 reattached to the surface and the reagents removed. After all steps for a coupling cycle 
are completed, the chamber partitions are removed, and the beads are released into the 
common reservoir above the array of sites. 

Mixing of the beads is caused by induced convection of the reservoir fluid, 
and the beads are then reattracted to the surface sites for the next round of coupling. 

15 Subsequent steps, including the wash steps, are accomplished in a similar fashion. 

Addition and removal of reagents is done with a combination of plumbing and automated 
pipetting. Addition of reaction specific reagents (monomers, for example) may be done 
with robotic multipipettors. Addition of common reagents and the removal of all reagents 
can be done with a fixed plumbing system not requiring valving at each reaction chamber. 

20 Some common steps such as washes can be done on the beads m masse , before installing 
or after removing the chamber partitions. 

The use of large numbers of monomers or other building blocks places an 
additional burden on the encoding process. In one encoding scheme for oligonucleotide 
tags, a basis set of 1000 monomers might require a 5 base sequence to tag each reaction 

25 step; a set of more than 1024 monomers could require 6 bases to encode. To reduce the 
plumbing complexity of the synthesis instrument (i.e., to reduce the number of specific 
reaction additions), a special encoding strategy is provided by the present invention. To 
illustrate the method, consider an array of 16 x 16 reaction sites, an arrangement that 
allows 256 different reactions to be carried out simultaneously. To encode each reaction 

30 individually with multiple base coupling is a difficult undertaking. 

The array consists of 16 rows and 16 columns, each site in the array having 
a unique geographical address. Each row of sites can be tagged as a group, and all 16 
rows can be uniquely encoded with 2 base codons ("subcodons"). A striped template or 
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channel block can serve K) form the 16 reacuonc e^e PCT 
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,^ U» bases are coapl ^^^^^ „f 

paBM pubhcanon No. WO 93/09668, m rpo ^ 

of the reaction sites is analogous to others, for exam^^ P 
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15 added in each reaction. 

VIILApparatus for PaiBllel Coupling Synthesis Reactions 

- rsrrrr::t:;r;esofa.es..e.sofdi.rsepep.desa.e 

^us^^ below » provide a ftan«wor,= for the discussion of Ute synthe^^ 
The invention will uUUze a pluraU., o, substra^s, 

, ™,..^ol«:e The substrates are optionally provided with a hnker 
which synthests reactions tal.epl«:e. The ^..^ 3^,^ are divided and 

. n^lecule on which coupUng ™ ^1 lections of, for e«mp.e. 

reacted With diverse monomers, such as A and B to 

the following substrates: 



S-A and S-B. 
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Additional coupling reactions then take place. For example, the pooled 
products above may be reacted with monomers C and D to form the following collections 
of products: 

1. S-A-C S-A-D 
5 2. S-B-C S-B-D 

From even the above simple example it becomes apparent that such synthesis techniques 
rapidly create large collections of diverse products. By carefully planning the synthesis of 
such diverse collections of molecules and/or by providing for the parallel synthesis of tags 
on such substrates, the substrates will find use in a variety of applications, as described 
10 above. In a particular embodiment, the present invention provides devices and methods 
that may efficiently generate substrates for these and other uses. 



A. General 

Fig. 1 illustrates a device used to synthesize diverse collections of 
15 molecules. The device includes a parent mixing vessel 200 coupled to a plurality of 

reaction vessels 201-209 by a top common manifold 212 and tubes 215, and 221-229. Top 
common manifold 212 couples to tubes 221-229 and 215. Reaction vessels 201-209 also 
selectively couple to monomer addition reagent supply reservoirs 231-239 via valves 111- 
119 and tubes 241-299. A pressurized delivery system (PDS) 265 is coupled to both 
20 parent vessel 200 and reaction vessels 201-209 via tubes 260 and 256 respectively. 

A synthesis reaction begins when a bead suspension is transferred from 
parent vessel 200 to reaction tubes 201-209. A valve 129 opens (all valves are closed as 
default), and the bead suspension enters top common manifold 212 ft-om parent vessel 200 
through tube 215. The bead suspension is thereafter distributed among reaction vessels 
25 201-209 through tubes 221-229, Selected reagents from monomer reservoirs 231-239 then 
enter respective reaction vessels 201-209 through respective tubes 241-249. Coupling 
reactions then take place inside reaction vessels 201-209 on beads contained therein. 

Fig. 1 shows pressurized delivery system 265 coupled to parent vessel 200 
via a tube 260. Pressurized delivery system 265 delivers pressurized reagents to parent 
30 vessel 200 from delivery system 265 via tube 260 when valve 10 and vent valve 90 open. 

Pressurized delivery system 265 is also coupled to reaction vessels 201-209 
through a tube 256, an isolation valve 100, lower manifold valves 101-109, lower tubes 
271-279, injection valves 111-119, and tubes 241-249, To deliver a reagent from PDS 
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265 «> sd«.«i reaction v«sd» 20,-209, d.e pressuri^ reagen- en,e,s mbe 256 and a 
265 m seiccKa Thereafter Ihe pressurized reagent is forced 

lower n«nifold 214 through open valve 100. ^ 
up i^lectedmhes 271-279 through selected open valves 101-109. 

U then forced into selected reaction vessels 201-209 through selected nrhes 24r.49^ 

TO deliver a reagent from, for example, a given monomer reservotr 231 to a 
^Hve reaction vessel 201. a quannty of pressurized activating soluUon torn PDS 265 
s f^ into tube 256, into lower manifold 214, and up nrhe 271. At an app^r.« 
moment, a quantity of monomer reagent from monomer reservoir 231 .s m,ected «t„ U» 
^f activating solution travelling up tuhe 27.. BoUowing the reagent miecnon the 
stream of solution including the monomer .eagent injecu=d from reagent reservo r 2 1 
Lters reaction vessel 201 through a tuhe 241 to participate in ^ ^ 

To optionauy tag the beads inside selected ,.aelK>n v«sels 201-209 w,th 
monomer from monomer reservoirs 40«.412, a pressurized tag monomer reagent from 
Ilmer re^rvo^ 406-412 enters a common manifold 255 of PDS 265 through an open 
le 4-7. Thereafter, the pressurized tag monomer and an appropriate activation reagent 
enter lower manifold 214 thtough ^ valve 100 and «be 256. ™ J--^ — 
.gging reag^tt and its appropriate activation reagent travel up selected ^ 
24^249 through selected open valves 10.-109 Into se.e«ed reaction vessels 201-209 where 

the synthesis of tags on beads takes place. 

After d^ired monomer and/or tag addition reactions, tite bead suspenston m 

^on vessels 201-209 is transferred bac. to parent vessel 200 for P<»""^ -^■""■"^ 
TO move the head suspension from reaction vessels 201-209 to parent 200, *e bead 
suspension is pressurized with argon from mbe 250 via open valve 122 and 101-109. 
VaTes 100 and 110 are closed, pushing U« pressurized bead suspenston tnto tubes 

221-229 top common manifold 212, tube 2.5 through open valve 129, ^ finally parent 
vessel 200. In parent vessel 200, the bead suspension is mixed in preparation for re- 
allocation among reaction vessds 201-209 to further synthesize the desired set of 

molecules. ^ , 

in an alternative embodiment, a plurality of three-way valves can be 

, provided between each of the reaction vessels 201-209 and the parent vessel 200. Such 

valves win preferably be held in the top common manifold 212. In this way. certatn 

vessels can be isolated from tite parent vessel 200. This ma, be particularly advanugeous 

When redistributing the bead suspension for further synthesis. For example, if the beads 
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were initially allocated to all the reaction vessels 201-209 for synthesis and then returned 
to the parent vessel 200, during re-allocation only certain of the three-way valves could be 
opened so that, for instance, only reaction vessels 201, 205 and 209 received the bead 
suspension for further synthesis. 
5 Fig. 1 also shows nonconcentric agitators 280 and 285 coupled to a top 

reaction vessel bracket 290 and a bottom reaction vessel bracket 295. Top reaction vessel 
bracket 290 is held stationary while bottom reaction vessel bracket 295 is permitted to 
follow the motion of nonconcentric agitators 280 and 285. Each nonconcentric agitator 
cooperates with a vortexing motor 300 to exert an agitation force on bottom vessel bracket 

10 295 and the bottom end of reaction vessels 201-209. Since the tubes between the brackets 
are flexible, this agitation force causes the contents of each individual reaction vessel 201- 
209 to vortex inside the reaction vessel thereby enhancing synthesis reactions. 

Top common manifold 212 connect^ to tube 215 at one end to provide a. 
conduit for transferring material between parent vessel 200 and top common manifold 212. 

15 At the other end, top common manifold 212 connects to a tube 126. Tube 216 provides 
pressurized argon to top common manifold 212 through a valve 121. Tube 216 also 
allows top common manifold 212 to vent its contents through a valve 120. 

Two capacitive sensors 90S and 99S are located near the exterior surface of 
parent vessel 200 to detect the level of liquid in parent vessel 200. If a fluid exists within 

20 the detection envelope of a capacitive sensor, that capacitive sensor is turned on. 

Conversely, the capacitive sensor is off if no fluid exists within the detection envelope. 

Sensors 101S-119S are optical sensors for detecting the presence of a fluid 
within a substantially translucent tube. These optical sensors are on when a column of 
fluid is present in the tube. The optical sensors are off when no fluid is detected. 

25 Likewise, an acoustic sensor 120S detects the presence of a fluid in its 

detection envelope. Fluid, including bead suspension,, flowing through a tube which has 
been placed in the acoustic sensor's detection envelope turns acoustic sensor 120S on. 
Conversely, acoustic sensor 120S is off when no fluid is present in the tube which has 
been placed in the detection envelope of the sensors. Acoustic sensor is used for sensor 

30 120S because optical sensors cannot reliably distinguish, under certain conditions, between 
an empty translucent teflon tube and a translucent teflon tube containing a bead suspension. 
Further, although an acoustic sensor is chosen for sensor 120S, any sensor which can 
distinguish the difference between an empty tube and a tube fllled with either a fluid or a 



10 



pCTrtJS94/12347 

WO 95/12608 

82 

^ of Iso, such as opacal sense., there is o„.y one acousuc sensor 120S per 

The reactton vessel ban. is designed such U«. U-ere is oniy on. or fewer 
..h«ween..aren.«ss.a„d.er.c.n.^^^^^^^^^ 
^gn is advan-ageous heeause n ^"^ "^J^'^ ^ 

:irerofr=:::r.:^v--'---r 
r:. svs-e.. —ore, -^^i^j^^^: :r i. is 

If valve 129 is not included, pressunzatton techniques can be usea p 

-■-•-icrerr^rirtr.-^.-^^^^^^^^^^ 

. •Ko vaiv^^ alwavs remain in this detault 

default state. Absent a specific command to open, the valves always re 

closed state. 

:r:ra:oZ=::.:=~^^^ 

,5 vessel or *e reaction vessel bank a. an appropriate step tn the syndtests proc«s^ 
Zlermore d>e entire system is sealed during operation. Pressunmon, where 
Furthermore, tne eni y ^ „ ,„„„ Arzon is the preferred prtssunzing 

necessary, is done with an inert gas such as argon. Argon is tn p 

azent because of its availabiUty and low chemical leacnvrty. 

For ease of discussion, the autotnated syndtesizer will now be descnbed 
30 wid, reference to a specific example. The specific ..ample used throughout ^.s dtselosu,. 
Zlt the synthesis on beads of a set o, polypeptides. The beads are .agg«. for 
Z2l^o«o... each amino acid coupUng reacti^t wid. four nucleotide monomers: 



A, T, C. and G. 
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It must be recognized, however, that the automated synthesizer is neither 
limited to the synthesis of the particular polymer described in the above specific example 
nor to tagged polymer synthesis. Although reference will be made throughout this 
disclosure to the synthesis of polypeptides and the tagging of beads with the above 
nucleotides utilizing a reaction vessel bank having nine reaction vessels, there is no 
inherent upper or lower limit in the number of reaction vessels which may be included in 
each reaction vessel bank. In fact, modular construction of the device permits easy 
addition of additional reaction vessel banks. Further, many other molecules and tags may 
be synthesized on the beads, or the tags may be eliminated entirely. 

L The Pressurized Delivery System 

The detailed description of a pressurized delivery system 265, which has 
been specifically tailored to synthesize the polypeptides according to the specific example, 
has been divided into three parts: reservoirs for use synthesizing ix>lypeptides, reservoirs 
for use in tagging beads, and the delivery valves. 

a. Reservoirs for use in synthesizing polypeptides 
In addition to the nine amino acid monomers used to synthesize the peptides 
of the specific example, several other additional "common" reagents will be employed in 
the synthesis. In a typical pq>tide synthesis, for example, the following reagents may be 
employed: 

TABLE 2 



Function 
Deprotection 
Activation * 

Capping 

Washing 



Chemical 

10% Piperidine in DMF 
-0.2M HBTU and^0^.6M DIEA 
in DMF/DCM mixture having a 3:1 ratio 
acetic anhydride in THF 
n-methyl imidazole in THF 
DMF. 
THF 



5 



10 



15 



20 



25 
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b Reservoirs for use in tagging beads 

in the specific example, the beads are optionally tagged. In a peptide 
synthesis reaction, the beads are in one embodiment tagged with a nucleic add compn.ng 
reTtides from the group A. T. C. and C. In addition to the four nucleotide reagents, 
the foUowing solvents and reagents are used during the synthesis of tags. 

TABLE 3 

Function Qiemical 
Deprotection trichloroacetic acid in DCM 

oxidation h, colUdine. H,0. and MeCN 

Activation 0-5M tetrazole in MeCN 

Capping anhydride in THF 

N-methyl imidazole in THF 

Washir.g 

These nucl«,tt<.e re^enu are c<».ai«d in resen;oirs having sufficient 
.„,„me and ,.»nti.y <o accompBsh ^ s,n*eais of ags .sizing U« 
.ynOKsizer. ^ ^^^^ ^ ^^^ve reservoir 4<X. for containing, for exatnplC .he 

M.CN soluaon in Table 3. There are ,wo htbes abated with each reservoir listed .n 
Tables2and3. M shown in Fig. 2, a n,t« 450 contains pressuri^ arg», 
„^„riring the reservoir to force the contents of the reservoir up a second tube 452. In 
LrLb^in.«.«. *e reagent reservoir are always pressuri^. ^ other en,b^,n,«iU. 
1 argon tube is conttoU^l b, a local on/otf valve to pressnri^ a reagent teservotr only 
when the contents of that reservoir are needed. 

c Delivery Valves 

Fig 3 shows a representative 3-por, solenoid valve in greater detail. The 
valve ntay be, for cample, a Mode, 2-ll<^900 by General Valve Con., of Fairfield. New 
TZ. Purther, the 3.po„ v^ve of Fig. 3 represents, for exantple. valve w .ch dehve« 
a reagent from reservoir 412. Three-pon valves are used in the pressuri^d d^very 
system 265 of Fig. 1. The 3-pon solenoid valve employed in Ute present embodtmen, 
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includes a first port 454 and a second port 456. The 3-port solenoid valve also has a 
channel 458 through its body that communicates with first port 454 and second port 456 
and always permits a fluid to flow freely between the first and second port. To form a 
common manifold 462, second port 456 is coupled with, for example, first port 454 of 
5 another 3-port valve. The other 3-port valve may be, for example, valve 5 of Fig. 1. A 
solenoid inside the valve, responsive to a control signal through wires 190, selectively 
permits a third port 460 to communicate with channel 458. Third port 460 of valve 4 is 
coupled to reservoir 412 of Fig. 1. 

To control the injection of a reagent from reservoir 412 into manifold 462, a 

10 line 464 carrying the pressurized reagent is connected to third port 460 of valve 4. At an 
appropriate moment, the solenoid opras and permits third port 460 to communicate with 
channel 458, thereby causing the pressurized reagent from third port 460 to be injected 
into channel 458 of valve 4 and into common manifold 462. 

Fig. 4 shows a representative on/off 2-port solenoid valve 10. This valve 

15 may be, for example, a Model 2-17-900 by General Valve Corp. of Fairfield, New Jersey, 
for selectively permitting a fluid or a gas to flow in a channel between its two ports. As 
shown in Fig. 4, valve 10 includes two ports 468 and 470. Valve 10 also has a channel 
through its body that communicates between a first port 468 and a second port 470 to 
permit a fluid or a gas to flow between the two ports. A solenoid inside valve 10, 

20 responsive to a control signal through wires 472, selectively permits first port 468 to 
communicate with second port 470. When one port of valve 10 is connected to a tube 
carrying a pressurized gas or fluid, valve 10 can be used to permit or inhibit flow from 
that port to the other port of valve 10. 

Fig. 5 shows in greater detail a pressurized delivery system 265 according 

25 to one aspect of the present invention. Fig. 5 shows 24 valves 0-23 through which a 

common manifold is formed. The 2-port.and3-pprt valves are daisy-chained by coupling 
their first and second ports together so as to form a common manifold through which 
reagent flows. Three-port valves 1-7, 9-12, and 14-22 may be, for example, substantially 
similar to valve 4 of Fig. 3. Two-port valves 0, 8, 13, 23 may be, for example, 

30 substantially similar to valve 10 of Fig. 4. The common manifold includes the through 
channels of the 3-port valves and of the on/off valves, as well as the coupling tubes 
between adjacent valves. As previously mentioned, the third port of a 3-port valve is 
controlled by a solenoid in the valve. The third port of each 3-port valve is coupled to a 
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fro. a reagent c, sciven. «se,voir » ^s,e, a reagen. or solvea, ,o a.d fro™ PDS 
265 AlKmaavely,U>ea>irdponofa3-por,valvemayse,veasa.ex«po.tfor 

«,eri„. reageni .C for e^p.e. vaive .00 of a reacUon vesse, .an.. Two-por, va,.es 

are used ptimaiily as isolation valves or argon supply valves. 

AS shown in Fig. 5, the 24 valves are physically arranged in Uiree separate 

hanta to save space. The delivety systen. of Fig. 5 also includes a ntbe 480 for 
connecting the left ban. of valves with the center bank. A «.be 482 co„n«=ts the rrgh 
hank with the center bank. Table 4 Usts the valv« used in .he deUv«y systen.. spec, ytng 
the types of valves us«i and the reagent reservoir canBoll«l by ^ valve tn a typical 

embodiment. 
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TABLE 4 





Valve 


Type 


Reservoir 


Reservoir 
Content 


5 


0 


On/Off 


-) 


Argon 




1 


FWO 60 


400 


MeCN 




z 


r WL> OU 




1 % trichloroacetic 
acid in DCM 




3 


FWO 60 


404 


Tetrazole 




4 


FWO 30 


406 


C 


10 


5 


FWO 30 


408 


T 




6 


FWO 30 


410 


G 




7 . 


FWO 30 


412 


A 




8 


On/Off 








9 


FWO 30 


414 


Waste 


1 f 




X* WO oU 




oottom oi Fareni 
Vessel 




11 


FWO 30 


100 


RV Banks 




12 


FWO 30 


420 


Waste 




13 


On/Off 


— 


— 




14 


FWO 60 


422 


Top Parent 


20 


15 


FWO 60 


424 


I2, collidine, H,0, 
MeCN 




16 


FWO 60 


426 


Acetic anhydride in 
THF 




17 


FWO 60 


428 


n-methyl imidazole 
in THF 




18 


FWO 60 


430 


Piperidine 




19 


FWO 60 


432 
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30 

For example, valve 22 is shown to be a FWO60 valve or a fast wash out 
(FWO) 3-port valve having a 60/1000-inch through channel. Furthermore, valve 22 
controls a reagent from pressurized reservoir 438 which, as indicated by Table 4, contains 
. DMF. As a further example, valve 23 is an on/off valve controlling the flow of 
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pressurized argon fro. an argon supply source (not shown) to the common manifold of 

Fig 5 shows a tube 484 connected to valve 0 for pressurizing the common 
manifold of PDS 265 from one end. Another tube 486 is connected to valve 23 and 
pressurizes the common manifold of PDS 265 with argon from the other end. 

AS an illustration, the operation of pressurized dehvery system 265 dunng a 
peptide synthesis deprotection cycle is described below. For deprotecUon of polypepUdes. 
rition of 10% piperidine in DMF is delivered to the reaction vessels in the reaction 
vessel (RV) bank. Table 4 indicates that valve 18 permits the flow of pipertdtne from 
reservoir 430. ConsequenUy. valve 18 needs to open to permit piperidine from 
pressurized reservoir 430 to flow into the common manifold of PDS 265. To orce the 
Lution to enter RV bank valve 11. isolation valve 8 is closed and isolation valve 13 opens 
to force the pressurized piperidine to enter open RV bank valve 11. 

AS shown in Fig. 5 and Table 4. RV bank valve 11 and parent vessel valve 
10 are centrally located in the chain of valves. This arrangement advantageously 
minimizes the length of the manifold section between these valves and a given reagent 
valve. ConsequenUy. a smaller volume of reagent is required to mi up thxsmanxfold 

section, isolation valves 8 and 13 can be closed to prevent the reagent from one end of 
the manifold from overshooting RV bank valve 11 or parem vessel valve 10 and from 
unnecessarily entering another portion of the common manifold. 

Table 4 also shows valves 4-7 and 9-12 to be 3-port valves havmg a through 
channel dimension of 30/1000 inch. In contrast, the remaining valves in the manifold have 
a through channel dimension of 60/1000 inch. ll.e reduced channel cross sectton further 
reduces the volume in the respective portion of the manifold. Consequentiy. less reagent 

is needed to fill up the manifold. 

For example, nucleotides A, T. C. and G are relatively costiy. It is 
therefore desirable to keep the volume of reagent used to Uie necessary minimum. 
Nucleotide valves 4-7 are located proximate to RV bank exit valve 11 to keep the distance 
between a nucleotide valve and RV bank exit valve 11 short and the required volume of 
3 reagent low. The cross section of the manifold along tiie path from any nucleotide valve 
to RV bank exit valve 11 is also kept smaU to further reduce the volume of nucleotide 
reagent present in tiie manifold. In fact, mbe 480 of Fig. 5 as well as the portion of the 
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manifold between the nucleotide valves and isolation valve 8 have a reduced cross section 
of 30/1000 inch. 



C. Reaction Vessel Banks 
5 Fig. 6 shows a simplified reaction vessel bank 500 according to one aspect 

of the present invention. For ease of illustration, tubes through which solution flows have 
been partially deleted. Reaction vessel bank 500 includes a top bracket 502, two side 
brackets 504 and 506, and two bases 508 and 510. A top reaction vessel bracket 290 
attaches to side brackets 504 and 506. A vortexing motor 300 attaches to top reaction 

10 vessel bracket 290 for supplying an agitation force to a plurality of reaction vessels 201- 
209 via a drive belt 521 . The bottom of reaction vessels 201-209 are attached to a bottom 
reaction vessel bracket 295. Brackets 502, 504, 506, 290, and bases 508 and 510 may be 
constructed from any suitable material. For ease of machining, strength, and light weight, 
aluminum is used to construct the above-mentioned brackets in the present embodiment. 

15 Bottom reaction vessel bracket 295 is attached to top reaction vessel bracket 

290 by two nonconcentric shafts 280 inside shaft housings 520. Nonconcentric shafts 280 
are rotatably mounted through apertures (not shown) in top reaction vessel bracket 290. 
Nonconcentric shafts 280 are operatively coupled to a vortexing motor 300 through belt 
521. As will be discussed later, nonconcentric shafts 280 translate the rotational force 

20 supplied by vortexing motor 300 to an agitation force for urging bottom reaction vessel 
bracket 295 to move in a circular pattern. This circular motion exerts a vortexing effect 
upon the contents of reaction vessels 201-209. Because every reaction vessel 201-209 is 
attached at its respective lower end to bottom reaction vessel bracket 295, all reaction 
vessels are agitated uniformly and simultaneously. 

25 Fig. 6 also shows a bottom bracket 522. Bottom bracket 522 is attached to 

side brackets 504 and 506 and may also be; constructed from any suitable material, 
including aluminum. A plurality of amino acid reservoirs 231-239 are mounted beneath 
bottom bracket 522. The amino acid reagents in amino acid reservoirs 231-239 are used 
as building blocks for synthesizing the set of pxjlypeptides of the specific example. The 

30 present embodiment contemplates using nine different amino acid monomers per bank for 
synthesizing the set of polypeptides. 

Fig. 6 also shows an isolation valve bracket 526 attached to side brackets 
504 and 506. Isolation valve bracket 526 includes a channel 530 for mounting a plurality 
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of lower manifold valves 101-109. As shown in Fig. 6, each lower manifold valve 101- 
109 is secured within channel 530 in the present embodiment. However, lower man.fold 
valves 101-109 may be secured to isolation bracket 526 using commercially available 
„,ounting hardware or other mounting methods. lx>wer manifold valves 101-109 are 3- 
port solenoid valves and ^ the same as the 3-port valve discus^ earlier in connection 
with Fig 3 AS used in reaction vessel bank 500. the through chamtels of lower manifold 
valves 101-109 are coupled together to form a common lower manifold 214 through which 
solution from the pressurized delivery system 265 flows. 

Three 2-port valves 100. 110, and 122 are also shown in Fig. 6. Nme 
valves 101-109 control the flow of solution from lower manifold 214 to the nine reaction 
vessels 201-209. Isolation valve 1 10 at a first end of the common lower mamfold 214 
opens to a waste line (not shown in Fig. 6). Isolation valve 100 at a second end of 
common lower manifold 214 selectively inhibits or permits the flow of solution from PDS 
265 to the rest of the common lower manifold 214. An optional isolation valve 122 
supplies local argon pressure to assist in the delivery of solution to and from various 

portions of reaction vessel bank 500. 

In anotiier embodiment, the eleven isolation valves 100-110 and 122 are 
provided for in an 11-valve block such as model P/N601374, by ABI of Foster City, 
California. The block comes preassembled and thus simpUfies construction. The eleven 
valves of tiie 11-valve block function substantially as discussed above. 

An injection valve bracket 532 made of a suitable material such as aluminum 
is attached to side brackets 504 and 506. A pluraUty of injection valves 111-119 are 
mounted tiirough apertures in injection valve bracket 532. Fig. 6 shows a total of 9 
injection valves 111-119 to control the injection of amino acids from nine ammo acid 
reservoirs 231-239. Injection valves 111-119 are 3-port solenoid valves and are the same 
as the 3-port valve discussed earUer in connection with Fig. 3. The first port of each 
injection valve couples to a reaction vessel 201-209 while the second port of each injection 
valve is coupled to the third port of a lower manifold valve 101-109. THe coupling is 
accomplished with appropriately sized tubes, such as tiie 1/l^inch teflon tubes employed 
) in the present embodiment. As is apparent from the foregoing, tiie tiirough channel of 
each injection valve 111-119 permits a solution to flow freely between a reaction vessel 
201-209 and Uie third port of a lower manifold valve 101-109. The tiiird port of each 
injection valve 111-119 is connected to an amino acid reservoir 231-239 to selectively 
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inhibit or permit an amino acid to be injected into a stream of solution flowing between a 
lower manifold valve 101-109 and a reaction vessel 201-209. 

Fig. 6 also shows a top common manifold 212. Top common manifold 212 
includes nine manifold ports 542 for connecting top common manifold 212 to the nine 
5 reaction vessels 201-209. In the present embodiment, 1/8-inch flexible teflon tubes are 
used to couple manifold ports 542 to the top end of reaction vessels 201-209. Top 
common manifold 212 also includes a first end port 544 for connecting with a parent 
vessel (not shown in Fig. 6) where the beads from individual reaction vessels 201-209 are 
pooled and mixed together. A second end port 546 connects top common manifold 212 

10 with a 3-port pressure/vent valve (not shown in Fig. 6). The pressure/vent valve and 
second end port 546 provide another route through which pressurized argon, solutions, 
reagents, etc., may be supplied to top common manifold 212. Alternatively, the 
pressure/vent valve and second end port 546 provide an additional route through which 
pressurized argon, solutions, etc., may be vented from top common manifold 212 to the 

15 appropriate reservoir. 

An alternative arrangement for the reservoirs 231''239 is shown in Fig. 6A. 
Instead of employing a single group of reservoirs, e.g., reservoirs 231-239, a plurality of 
groups of reservoirs can be provided, e.g., 231a-239a, 231b-239b, etc. The reservoirs are 
held within a rotatable carousel 1000. The reservoirs are open at a top surface 1002 of the 

20 carousel 1000 so that the reagents held in the reservoirs can be accessed from the top 

surface 1002. The carousel 1000 is held within a pressure vessel (not shown) so that each 
of the reservoirs are subjected to the same pressure within the pressure vessel. To transfer 
the reagents in the reservoirs to the reaction vessels 201-209, a plurality of tubes in 
communication with the tubes 241-249 are disposed within the pressure vessel. The tubes 

25 within the pressure vessel are placed into the reservoirs of a selected group of reservoirs, 
e.g., reservoirs 231a-239a. 'The tubes can be placed into the reservoirs by translating the 
tubes toward the reservoirs or by translating the carousel 1000 toward the tubes. The 
carousel 1000 is rotated to align the tubes with the selected group of reservoirs. The 
pressure within the pressure vessel is such that a pressure gradient exists between the 

30 reservoirs and the tubes 241-249. When the tubes are placed into the reservoirs, and when 
selected valves 111-119 are opened, the pressure gradient drives the reagents in the 
reservoirs into the tubes 241-249 for delivery to the reaction vessels 201-209 as previously 
described. The carousel 1000 thus provides flexibility to the synthesizer by allowing the 
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» be seUctivel, ch»e„ from a variety of diffe^m rea^en.. e.g. . allowing a 
different set of building blocks to be used a. each synthesis step. 

Fig 7 Shows in greater detail the interconnecuons among an amtno ac,d 
^oix 231-239. an injection valve 111-119. a lower n,anifold valve 101-109 and a 
, .esse. 201-209. A lower manifold valve, for e«n.ple. valve .01. winch .s 

thte^pon va.ve. is connects, to common .owe, manifCd 2.4 so " » ~ 
now between the first port »,d the second pon of .ow« man.fo.d valve .01 . The 
Z port of .ower manifold va.ve 10. is con,^ via tube 271 to either the first or 

Of the 3-pott injection valve .11. Tlte other ^r. of eid«r the firs, or second 
0 pon is Le«ed to one end of reaction vessel 201 via btbe 241. The other ^d of 

Ltion vessel 201 is connected to . m-ufbid po« 542 of top common mantfoU. 212 no, 
r: in Pig. 7, Via a ntbe 221. T.be, 271. 241. and 22. are made from ac^emK.,y 
resistant materia, such as t^. I« ^. «»^"»" «-s.»cent 

l^and PEP teflon btbes of various c.oss.s.ction.1 dimensions throughout because of 
,5 the low teadvity and optical characteristics of dtetnmslucent teflon matetuJ. 

Amino acid .«e,voi. 231 is pressuri^d With an meri gas such as axgonva 

tube 562. -nte pressurized amino add «>luti<« in amino add reservoir 23 1 enters the thtrd 
pori of 3-port injection valve 111 thrimgh wbe 560. Upon receipt of an appropnate 
:lld UtjecL valve 1.1 opens to penni. -.0 pressuri^ amino add soluuon to enter 

20 the dirough channel of injection valve 111. 

Fig 7 also shows optical sensors ins and lOlS. opucal sensors Ills 

^ lOlS detect the presence or absence of a U,uid within substantially transl^t teno^ 
Is 271 and 241. AS Show, in rtg. 7. optical sen^r 1..S is posiUoned bdow tn^ecuon 
valve III and optical sensor lOlS is positioned below reaction vessel 201. Dau rom 
25 optical sensors lUS and lOlS are sent to a control computer (not shown m Ftg. 7, 
in controlling various phases of the synthesis reaction. 

Hg 8 shows in greater detaU the nonconcentric agiutor 280 of Fig. 1 . 
Nonconcentric agitator 280 includes two cyUndrical shafts 564 and 568 coupled to a 
cylindrica. knucuie 566. Shaft 564 aligns longitudinan, with the radial a«s of cy indncal 
30 lluckle 566 and is coupied at one of the two planar surftces of cyUndrical knuckle 566. 
ThTsSg is coupled to the other p.anar sur*ce of c,.indrical knuckle 566 and is off., 
from U« radial axis of cylindrical knudde 566. In one embodimen.. shaf.s 564 and 568. 
^ cyUndrical knudtle 566 an= maduned ftom a single piece of metal stock. 
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When cylindrical shaft 564 is torqued to rotate within a fixed rotary support 
such as a roller bearing, cylindrical shaft 568, which is offset from the axis of rotation of 
cylindrical shaft 564, moves in a circular path around the axis of rotation of cylindrical 
shaft 564. More than one nonconcentric agitator 280 may be operatively coupled, for 
5 example, by a belt-and-puUey arrangement to allow a plurality of nonconcentric 
agitators 280 to move in unison. In the present embodiment, shafts 568 of two 
nonconcentric agitators 280 are connected to a single bracket to move the bracket in a 
circular path when shafts 564 are rotated. Furthermore, shafts 568 and vortexing motor 
300 are designed to move the bottom of each reaction vessel in a circular path at 

10 approximately 1500 revolutions per minute. To prevent damage to beads, the circular path 
of the present embodiment is preferably limited to a radius of approximately 3.5 mm. 

Fig. 9 shows in greater detail the upper portion of the reaction vessel bank 
500 including reaction vessels 201-209 and vortexing motor 300 of Fig. 6. As discussed 
in connection with Fig. 6, reaction vessel bank 500 includes a plurality of reaction vessels 

15 201-209 connected to top bracket 290. Top bracket 290 has a plurality of apertures 630 at 
which reaction vessels 201-209 connect. A teflon tube from above the aperture (not 
shown) connects to the upper end of each reaction vessel 201-209 at aperture 630 in a 
manner that permits a fluid to flow freely between the teflon tube and reaction tube 201- 
209. 

20 The lower ends of reaction vessels 201-209 are connected to lower reaction 

vessel bracket 295. Figs. 10 A and lOB show in greater detail a bottom view of the lower 
reaction vessel bracket 295 of Fig. 6. Fig. lOA is a close-up bottom view of a portion of 
lower reaction vessel bracket 295. 

Fig. lOB shows a plurality of channels 650 in lower reaction vessel bracket 

25 295. A flexible and substantially translucent teflon tube (omitted from Fig. lOB for ease 
of illustration) extends from the lower^end of each reaction vessel 201-209 (also omitted 
from Fig. lOB for ease of illustration) and fits in a channel 650. A groove 652 for 
mounting an optical sensor is associated with each channel 650. Groove 652 is clearly 
illustrated in Fig. lOA. 

30 Fig. lOB shows a plurality of mounting holes 654 for securely fastening 

optical sensors to lower reaction vessel bracket 295. Also shown in Fig. lOB is a plurality 
of optional holes 656 for reducing weight. As discussed earlier, lower reaction vessel 
bracket 295 follows the motion of the nonconcentric agitators in a circular path to vortex 



PCTAJS94/12347 

WO 95/12608 

94 

^ of U« ves^ls. OpUonal ho.es 656 may be n,ach,ne<< trough ,owe, 

l::^s^ b^-ce. a95 » r«.oce U,e .as, of *e b,ae.e,, ..eb, reducing U» a™ou., 
of power needed to move the bracket. ,k™.i«.295 
A ttaough hole 658 near each end of lower reacuon vessel bracket 295 
connects a nonconcentHc agitator 280 ,0 lower reaCcn vessel bracl^t ^^^^^ 
ends of reaction vessels 20.-209, which are extended by nexib.e teflon ntbes 24.-249 » ft 
enas oi ica-- K^^v«f ')OS follow the circular movement 

Oirough channels 650 in lower reacuon vessel bracket 295. follow the 

of lower reaction vessel bracket 295 . As lower reaction vessel bracket 295 mo^ .n a 
circular path, the contents of all reaction vessels 201-209 in a reacUon vessel bank are 

vortKted in a paraUel manner. s.m w futine 

Fig 9 also shows optional nonconcentdc agibttor housmgs 520 for fitttng 

over nonconcentric agitators 280. Optional nonconcenthc agitator "-^^ 

,he n^tconccntric shafts within a hollow cylindrical honsing to prevent possible .njury to 

nnman „se« and damage to equipment when the »™'* ^^^^^^ 

The present embodiment uses a stepper motor (Mode. PX245-01AA by 
Oriental Motor U.S.A. Corp. of To.ra«.. CaUfonna) atong with a stepping motor 
control^ (Model FD122 by Semix Corp.. of FremonU Califon-ia) for -PP'V-S 'he 
^.Uonal fotoe to the nonconcentric agitators. As show, in Fig. 9. three puUey 670, 
672 >M 674 cooperate with «>.texing motor 300 and two drive belts 52. and 676 to 
ro,a« the nvo nonconcentric agitators 280 in tmison inside opdonal nonconcentnc agtutor 
housings 520. Although the present embodiment utiHzes a stepper motor and a st^ptng 
„„t„, cont«.Uer. the rotational force may he suppUed by any other suitabie type of 
„ot^. including other electrical or pneumatic motors. Furiherinore, the^.<« supply 
by vonexing motor 300 may be transmitted to nonconcentric agitators 280 by an, sunable 
transmission means including chains and sprockets. puUeys and belts, gears. «c 

Fig . 1 A shows a representaUve opUcal sensor 680 for use m detecnng the 
presence or absoKe of a fluid within a substantially trans.«:e., teflon tube. OpUca. sensor 
680 is the same as optical sensors .01S-119S of the present embodiment, °P-1--' 
680 (Model EE-SX671 by Omron, Inc. of Schaumburg. Dlinois) includes b.o foriced ends 
, 682 and 684 for housing a light transmitter and a coUector. respecrively. OpUcal sensor 
680 also has a body 686 for housing the appropriate electronic circuitry to tnmsmtt sensor 
<uu to a control computer and for atuching optical sensor 680 to a bracket. 
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Fig. IIB shows in greater detail forked ends 682 and 684 of optical sensor 
680. Located at the interior surface of forked end 682 is a substantially rectangular 
transmitter 685 for transmitting light to a substantially rectangular collector (not shown in 
Fig. IIB) in the direction of arrows 688. The collector is located at the interior surface of 
5 forked end 684 and is likewise of a substantially rectangular shape. To detect the presence 
of a fluid within a substantially translucent teflon tube, the teflon tube is fitted through the 
gap between the two forked ends 682 and 684. When a fluid is present within the 
substantially translucent teflon tube, the collector is triggered signifying detection of a fluid 
within the teflon tube. 

10 In practice, it was discovered that the substantially translucent teflon 

material may, when empty, cause optical sensor 680 to fail to trigger. To advantageously 
use common optical sensors to sense the presence of a liquid inside a substantially 
translucent tube, a novel optical alignment block is used. Fig. IIC shows in greater detail 
an optical alignment block 690. Optical alignment block 690 is made of an opaque 

15 material which substantially blocks any light emitted by transmitter 685. Optical alignment 
block 690 includes two retaining walls 692 and 694 at a first surface 696 for frictionally 
engaging block 690 with one of the forked ends of optical sensor 680, and to securely hold 
optical alignment block 690 between the forked ends. In one embodiment, retaining walls 
692 and 694 are designed to engage the collector forked end 684 of Fig. IIB. 

20 Optical alignment block 690 also includes a channel 698 built into a second 

block surface 700. Second block surface 700 is the surface opposite the above-mentioned 
first surface 696. The axis of channel 698 is orthogonal to retaining wall 692 and 694. 
Channel 698 is sized to grip the teflon tube snugly. As a result, the teflon tube is secured 
within channel 698 and is aligned at a right angle with respect to the above-mentioned 

25 transmitter strip 685 when optical alignment block 700 is fitted into the gap between 

forked ends '682 and 684.- ' - - .... 

Fig. IID shows an aperture 702 located along the center line of channel 
698. Aperture 702 permits a small amount of light to travel through optical alignment 
block 690 along its bore between first surface 696 and second surface 700. When a 

30 substantially translucent teflon tube such as tubes 241-249 or 271-279 is fitted snugly 
within channel 698, the axis of aperture 702 runs through the center of the teflon tube. 
The shape and size of aperture 702 is a function of the optical properties of the tubes. 
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When optical alignment block 690 is fitted between forked ends 682 and 684 
in the manner shown in Fig. UA. Ught from transmitter 685 in forked end 682 travels 
through a substantially translucent tube 704. Most of the light is blocked by opucal 
alignment block 690 after passing through tube 704. Some of the light passing through 
tube 704 reaches aperture 702 (hidden from view in Fig. HA) and travels along the bore 
of aperture 702 to reach the collector within forked end 684. 

Since the axis of aperture 702 runs through the center of substanually 
translucent tube 704, light passing through the center of the tube reaches a portion of the 
collector in forked end 684. Since light going through empty tube 704 is diffracted, an 
insufficient amount of Ught reaches the collector to trigger the sensor. When a fluid is 
present within translucent teflon tube 704, Ught passing through the fUled tube is focused 
by the fluid within. The focused light enters aperture 702 from the direction of forked end 
682 to trigger the collector in forked end 684. When a fluid is absent, the focusing effect 
is less pronounced. ConsequenUy, less Ught enters aperture 702. In fact, when there is no 
fluid in teflon tube 704. there is insufficient Ught passing through aperture 702 to trigger 

the collector in forked end 684. 

AS discussed earlier, optical aUgnment block 690 is sized to snugly gnp 
teflon tube 704. When optical aUgnment block 690 is fitted between forked ends 682 and 
684 the teflon tube is securely gripped, as shown in Fig. 11 A. by optical sensor 680 and 
block 690. By securing optical sensor 680 to a bracket, teflon tube 704 is thereby secured 
to the bracket. In this manner, the teflon tubes 241-249 extending from the bottom of 
reaction vessels 201-209 of this embodiment are secured to the bottom reaction vessel 
bracket 295. 

As shown in Fig. 12, a reaction vessel such as reaction vessel 201 of the 
present embodimem consists of a segment of FEP teflon tube 710. Tube 710 has an 
outside diameter of 1/4 inch and an inside diameter of 0.19 inch. As described in greater 
detail hereinafter, the diameter of tube 710 can alternatively be made much larger for 
appUcations where two or more reagents are simultaneously mixed in the reaction vessel 
201 Tube 710 is sealingly coupled with a flexible teflon tube 271. Flexible teflon tube 
271 is secured to lower reaction vessel bracket 295 of the reaction vessel bank. As the 
lower reaction vessel bracket 295 moves in a circular motion, the bottom of theflexible 
teflon tube 271 follows the circular motion described by the bottom reaction vessel bracket 
295 to vortex the contents within tube 710. 
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In this embodiment, tube 271 has an outside diameter of 1/8 inch and an 
inside diameter of 1/16 inch. Fig. 12 shows a tube connector comprising a first coupler 
714, a second interconnector 716, and a third coupler 718 for sealingly connecting tubes of 
different cross-sectional dimensions together. The aforementioned tube connector is 
5 available from Norton, Inc. of Akron, Ohio. There is a frit or filter 1 102 (hidden from 
view in Fig. 12) located at the bottom end of tube 710 for preventing substrates within 
tube 710 from entering flexible tube 712. The frit may be, for example, 2 micron titanium 
frit. 

At the other end of tube 710, a fourth coupler 720, a fifth interconnector 

10 721, and a sixth coupler 722 sealingly connect tube 710 to a tube 221. The couplers 720 
and 722 as wdl as int^connector 721 are necessary because tube 221 of the present 
embodiment has different cross-sectional dimensions from tube 710. Tube 221 connects to 
a manifold port 542 of top manifold 212 (not shown in Fig. 6). 

A flexible O-ring 724 is fitted within a hole 726 in bracket 290 (shown in 

15 Fig. 12 in a cutaway view). O-ring 724 flexibly grips coupler 722, thereby flexibly 

securing reaction vessel 201 to bracket 290. When the bottom end of reaction vessel 201 
is agitated, O-iing 724 s^ves as a pivot point and holds the top end of reaction vessel 201 
relatively immobile to enhance the vortex effects. 

As shown in Figs. 12A and 12B, the reaction vessel 201 in one particular 

20 embodiment can optionally be provided with a temperature control jacket 11(K) for 
controlling the temperature of the reaction vessels 201-209. The temperature control 
jacket 1100 in this embodiment includes a fitting 1104 for connecting the reaction vessel 
201 to the lines 221 and 241 (not shown). Inlet/ouflet ports 1106, 1108 are provided for 
supplying a thermally conductive fluid to the reaction vessel 201. The thermally 

25 conductive fluid can be used to either heat or cool the reaction vessel 201. In this 

embodiment, the reaction vessel 201 is formed from^ a teflon tube 1110, preferably having 
an outer diameter of 1/4 inch and a wall thickness of 1/32 inch. Spaced-apart from the 
tube 1110 is an outer tube 1112, preferably constructed of teflon and having an outer 
diameter of 3/4 inch and a wall thickness of 1/32 inch. The outer tube 1112 is positioned 

30 over the fitting 1104 to form an annular space 1114 for receiving the thermally conductive 
fluid. O-rings 1116, 1118 are placed between the outer tube 1112 and the fitting 1104 to 
form a fluid tight seal. In this way, the thermally conductive fluid can be introduced into 
the annular space 1114 through dther of the ports 1106, 1108 for heating or cooling the 
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^on v^se, 201. The p»ru U06, l.OS a.» ..ow « — ""'^ " 

An alternative embodiment ol a reacuon vc:. 

1 • w 1 is shown in Figs. 12C and 12D. The reaction 



15 1120. 
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D Parent Vessel 

Fig 13 shows in g:««« d«ail U« p^ren. v«s=l of *e preset embod.mem. 

P^, vcssd 200 h^. for «»„p.e. . volume of .pp»xin„«., 30 „U A 260 ,s 

™ „ ,„d ftom .lelive., sysKm PDS 265 (not shown m F.B. °' 
:L n«r U« bo.on. of pa«n. v«se. 2(X, u. p.™n. suhs».es ^-"^ 
^ IS a .«no«h. CP 74, ««a o„ .ho top ^ of pa«nt vessel 2«, for ^^.^ 
Loving m«en,l. Tuh. 2,5 fitted through cap 743 transfers matenal hetween parent 
ZZ> and top contnton ntanifoM 212 in a reaction vessel ban. (not shown .n F.g. 13). 
:r2,5 extenJutroush cap 743. A pressuri^ argon/vent U„e 275 e.^^ 
through cap 743. An optional rinse line 281 connects to a solvent source ..r dehv^ng 
I3L Jsolven. to the interior walls of parent vessel 5 ,0 rinse the uttenor w^ls. 

Fig 13 shows two capacitive sensors 90S a,Kl 99S (Model 18^ b, 
eectromauc Control Corp. of Hoffman Esutes, minois) mount«l near the ex«rior of 
^vessel 200. Bach capaciUve sensors 90S or 95S detects dte presence of a lt,.^d m^ 
Tvicinit, and transmits sensor dau .0 a control computer (»» shown, v., wtres 756 ™. 
58 lp.l.ivel,. capacitive sensor 99S is us«. for detecting the level of reagents added 
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to the parent. Capacitive sensor 90S is for detecting the level of bead suspension for 
redistribution. Both sensor levels can be adjusted according to amount of beads and the 
number of reaction vessels used. The capacitive sensor data is utilized by the software to 
control various cycles of the synthesis process. 

5 

E. Control System 

1. Control Computer 

The automated synthesizer utilizes a control computer to acquire data from 
the sensors, and to control the valves and the vortexing motor during the various cycles of 

10 the synthesis process. When used in conjunction with the automated synthesizer, any 
computer including those popularly known as microcomputers, minicomputers, 
workstations, mainframes, and the like, may be used to process the sensor data and to 
issue commands to control the valves and the vortexing motor. 

Furthermore, sensor data from the sensors in the synthesizer may be 

15 acquired by any number of commercially available data acquisition devices using common 
data acquisition methods. Likewise, the valves and the vortexing motor may be 
controlled, responsive to an appropriate computer command, by commercially available 
input/output controllers. 

In one embodiment, an IBM-compatible microcomputer (also known as a 

20 personal computer or PC) is used as the control computer (Model Gateway 2000 4DX2- 

50V, by Gateway 2000 Inc. of No. Sioux City, South Dakota). Within the PC, there are a 
plurality of expansion slots permitting the addition of various expansion boards. These 
boards tap into the bus resources of the PC and permit the PC to communicate with the 
circuitry on the card to perform an electronic function. Certain exi>ansion boards also 

25 permit the PC to communicate with external devices and circuitry. For example, a board 
popularly known as a modem board plugs into. an expansion slot on a PC and permits the 
PC to communicate with another computer having a modem. The use of expansion boards 
with a personal computer is a matter of common engineering knowledge. 

In one embodiment, the automated synthesizer communicates with the PC 

30 via a multichannel digital I/O board (Model PCDIO120-P by Industrial Computer Source 
of San Diego, California). The specification of the PCDIO120-P board is described in 
detail in Product Manual No. 00431-050-20A which is also available from Industrial 
Computer Source. 
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Each PCDIO120-P provides 120 channels of buffered inputs/outputs (I/O) in 
five 24-channel groups. Each 24-channel group is controUed by a programmable 
peripheral interface (PPI) 8255A chip. The channels are selectable in set of 8 for etther 

input or output. , . „ * 

Fig 14 shows a simplified diagram of a portion of the control hardware. A 

computer 760. such as the PC, having a plurality of expansion slots, connects to a display 
„^onitor 762 and a keyboard 764. A PCDP120-P I/O board 766 is inserted into one of the 
expansion slots to permit the PC to communicate with five controller circuits 768. Each 
controller circuit 768 communicates with I/O board 766 via a conductor channel 770. In 
the present embodiment, conductor channel 770 includes a 50-conductor ribbon havxng the 
capabiUty to service 24 I/O channels. 

2 Controller Circuits 

The output signals from I/O board 766, typically 15 mA of source current 
and 24 mA of sink current, are inadequate to operate solenoid valves. ConsequenUy. 
controller circuits 768 convert the output signals coming from I/O board 766 into power 
signals having adequate power to actually operate the solenoid valves. Controller circuit 
768 has the capabUity to receive 24 output signals from I/O board 766 and in turn outputs 
24 power signals 771 to control various devices of the synthesizer. The 24 power hnes 
771 of each controller circuit 768 are shown in Fig. 14. 

Each controller circuit 768 also provides a central physical location into 
which sensor data from up to 24 sensor lines, one for each sensor, may be gathered. Data 
from up to 24 different sensors may be received by a sensor port 772 on each controller 
circuit 768. 

Thus, each controUer circuit 768 can service up to 48 I/O channels. 24 
inputs and 24 outputs, of I/O board 766. Fig. 15 shows a representative diagram of a 
controller circuit 768 according to one aspect of the present invention. A 50-pm header 
781 connects the controller circuit 768 to I/O board 766 (not shown in Fig. 15). Header 
781 is an input header and is connected via a bus 780 to a sensors port 772. Sensors port 
772 comprises headers or connectors for comiecting controUer circuit 768 with up to 24 
input devices such as sensors. Each conductor on bus 780 carries a signal from one sensor 
to input header 781. Fig. 15 also shows an optional LED bus 784 for carrying LED 
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indicator signals from sensors port 772 to an optional bank of light emitting diodes (LEDs) 
786. Each conductor in optional LED bus 784 carries a signal to one LED in bank 786. 

Fig. 15 also shows another 50-pin header 788 for connecting controller 
circuit 768 to I/O board 766 (not shown in Fig. 15). Header 788 is an output header for 
5 receiving output signals from I/O board 766. A bus 790 carries up to eight output signals 
from header 788 to an octal inverter 74LS240 chip 792. Octal inverter 74LS240 chips 792 
are manufactured by Texas Instruments, Inc. of Dallas, Texas. A bus 794 carries the 
inverted buffered output signals from chip 792 to an octal latch driver 796. Latch driver 
chips 796 are Model MIC59P50, manufactured by Micrel, Inc. of San Jose, California. 
10 Output signals from each latch driver chip 796 are connected to an output port 798 via a 
bus 800. An optional LED bus 802 carries LED indicator signals from chip 796 to an 
optional bank of light emitting diodes (LEDs) 804. Each conductor in optional LED bus 
802 carries a signal to one LED in bank 804. 

15 3. The Valves 

The solenoid valves such as, for example, valves 4- 7, 10, 14, 90-91, 100- 
121, and 129, used in the present embodiment are normally closed unless commanded to 
open. Consequently, the default state for all valves in the synthesizer is off. Safety is 
ensured because no material is permitted to flow when the synthesizer is in its default 

20 state. When open, valves use power and heat up. Besides the obvious drain on the system 
power, hot valves may adversely affect the chemicals passing through their ports. Because 
it normally takes a greater amount of power to open a solenoid valve than to keep an 
already opened valve open, a strike relay such as, for example, a model D1D20 by 
Crydom, Inc. of Long Beach, California, is used to operate the valves. A strike relay 

25 such as the D1D20 supplies +12 volts to a valve for a specified period of time, typically 
100 milliseconds, to open -the solenoid valve from, the off state. The period of time during 
which the strike relay supplies +12 volts can be specified through software control, and 
the strike is supplied via an I/O channel. Thereafter, the strike relay supplies a reduced 
voltage, typically half the rated voltage or approximately 6 volts in the present 

30 embodiment, to keep the solenoid valve open. Consequently, less energy is required to 
operate the valves and less heat is produced. 

The present invention provides for four separate power supplies. A first 
power supply outputs +5 volts to power the TTL chips such as those found on controller 
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circuits 768. A second power supply outputs +32 volts for use by the stepper n.otor. A 
third power supply provides +12 volts to activate the solenoid valves. An optional fourth 
power supply also provides +12 volts for use by the sensors. A separate fourth power 
supply for the valves ensures that any noise generated by the valves as they open and close 
does not interfere with sensor operation. 

In its default state, all valves are closed. As an additional safety measure, 
the synthesizer further provides for a soUd state watchdog relay to shut off all valves m the 
event the control computer malfunctions. A solid state watchdog relay such as a Model 
SM-WDT5 by Brentek International (available from Industrial Computer Source of San 
Diego. California) is interposed between the control computer and the power supply to the 
valves. A software-generated pulse is transmitted from the control computer to the 
watchdog relay on one of the I/O chamiels. When the pulse is absent, e.g.. upon CPU 
failure, latch-up or power feUure. the watchdog relay shuts down the power supply for the 
valves, thereby closing all valves. 



15 



F. Control Software 

The control software will now be discussed in detaU with reference to the 
flow charts of Figs. 16-24. These flow charts Ulustrate the commands issued by the 
control computers or completing relevant phases of the synthesis process. To simphfy the 
20 discussion below, it is assumed that at all relevant times, the valves of the pressunzed 

delivery system receive the appropriate commands from the control computer to dehver the 
desired reagent to the reaction vessel bank valve. 

Fig. 16 is a flow chart illustrating the combination of commands issued by 
the control computer for draining reaction vessels 201-209 of their contents. Before 
draining reaction vessels 201-209 contain a Uquid or a bead suspension. An argon supply 
valve 121, comiected to top common manifold 212. receives an open command and opens 
to pressurize top common manifold 212 with argon. At the same time, selected 3-port 
valves 101-109 open to permit a liquid from reaction vessels 201-209 to enter lower 
manifold 214. Only selected valves 201-209 open because not all reaction vessels 201-209 
30 are used during some coupling reactions. If a reaction vessel sits empty throughout a 
synthesis session, there is no need to drain its contents. Waste valve 110 in bottom 
manifold 214 opens to permit fluid exit. As a consequence of the pressure differential, 
argon pressure pushes fluid from reaction vessels 201-209, through lower manifold 214. 
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and out waste valve 110. When sensor llOS turns off, signifying that no liquid is left to 
drain, the valves stay open an additional 2-5 seconds to ensure all liquids are drained from 
the reaction vessel bank. 

Fig. 17 depicts the combination of commzmds issued by the control 
5 computer to clear lower manifold 214. At the start step, there is material in lower 
manifold 214. Thereafter, isolation valve 100 opens to permit pressurized argon from 
PDS 265 to enter lower manifold 214. Simultaneously, waste valve 110 opens to vent 
material from lower manifold 214. Material exits from lower manifold 214 until no 
material is left. The valves return to their default state when optical sensor 1 lOS detects 

10 no material in the waste tube. 

Fig. 18 shows the set of commands issued by the control computer to mix 
the contents of parent vessel 200. The system introduces argon into parent vessel 200 
from below to mix the contents. The argon bubbles agitate the contents of parent vessel 
200 as they rise from the bottom of the parent vessel to the surface of the contents inside 

15 the parent vessel. Again, all valves which have not been expressly commanded to stay 
open are in their default state. Valve 100 opens to introduce pressurized argon from PDS 
265 to the bottom of the parent vessel to agitate the contents within. Valve 90 also opens 
to vent argon from the parent vessel. Valves 100 and 90 return to their default state after 
approximately 15 to 30 seconds. 

20 Figs. 19A and 19B depict the sequence of commands issued by the control 

computer to allocate bead suspension from the parent vessel to the various reaction vessels. 
The sequence of commands implements a volumetric technique for filling the various 
reaction vessels with the bead suspension. Using this approach, the reactions vessels are 
filled with little dependence on flow rate. Thus, as will be seen, the bead suspension is 

25 distributed evenly among the reaction vessels regardless of the distance between that 

reaction vessel and the manifold port^ through which the bead suspension enters. At the 
start of the allocation cycle, the reaction vessel bank contains only argon, and the parent 
vessel contains a bead suspension at step 852. 

At step 854, the reaction vessel bank is partially filled with DMF to displace 

30 the argon that exists in the reaction vessel bank prior to the reallocation phase. Isolation 
valve 100 opens to permit pressurized DMF to enter the lower manifold from the 
pressurized delivery system. Valves 101-109 open to permit DMF to rise toward the 
reaction vessels. Valve 120 opens to vent argon from the top common manifold. Valves 
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,00 101-109. and 120 return, preferably in series, u. e,eir defauU 

Zr^^n^. «n,= period. wMcK n,. be .o„. 3 s^nds eac. 

209 J U,e„ mixed »> dislodge bubbles. Valves 10O109 open again tor abou, 3 s«ond . 

rreTpiraUon o, U,is preprogrammed Ume period. U.e level of in ^b n.be 241- 

.c«ic ^iii he near the top common mamtoia ziz. 

, - .-^ r:n:r bi rZen. ^l. 

srep 858 Valve 100 opens ro perml, pres»nized DMF «. en«r d« reacdon vessel b»,k 
PDS265 valves 101-109 open u, continue filling*, reaction vessel bank*.* 

::r::n.z^ ^ u.e wbic^ ovemows ^ --^^ » 

, „«1 200 Valve 90 also opens to vent the displaced argon from parent 
rsLrrrg:nlnesuntil.belevelo.nuid.,«rentvessel200rlsest^.be 

ZTor npper capacitive sensor 99S »be„ s^isor 99S detecu DMP wlthtn ,ts ^t.uo 
„. ---vesselbanlcistl^c^n^y— 
approximately the level of second capaciuve sensor 99S. Valves 90, 

. --•-^--"^^„^,,,,^,.MPats.epS.2. Valve 121 
opens to pressuri^'tiie top common mani^ld »i,H pressuri^ argo.. Valve 12^o^ns to 
pLi, DMF to enter tite par«.. v«sel from tbe top common namfold. Valve 90 o^ns o 
Cthe displaced argon from ti« parent vessel. DMF from the top common mamfold .s 
vent tne oispui t Th. ™ient vessel is designed to have a sufficient 

20 thereby transferred to die parent vessel. The parem vessel IS a 

voluni to accept the additional DMF wid,ou. overflowing. After a preprogramm«. nme 
nio" fbr sample, abou. five seconds, valves 90. 121. and 129 return to therr drfault 
:l at st^p 864. -Hie preprogrammed time peHod is variable but must e,ual or exceed 
Uptime it takes to clear the top common manifold of DMF. 

Had the reaction vessels no. been prefiUed wiU. DMF pnor to ttte 
imroduction of tite bead suspension, i.e.. had the reaction vessels been empty, an uneven 
distribution Of bead suspension would occur, H tite .««»ion vessels were emp^. ti« 
Iln vessel which is U,e closes, to the manifold port ««o„gh which ti« bead .sp.s,«. 
e„„rs from U« paren. vessel would fill up ftrs.. .n^re may be no bead suspens-on left fi>r 
30 some reaction vessels if a few were allowed lo all up excessively. 

The prescn. invention employs a novdmeti-od for condoning me volume a 

Which a reaction v«sd accepts 0. bead suspension. Ftrst, at s«p 866. a small column of 
argon is inlroduced „ Ute »p of each u*e which connec «,e reaction vessels .o the .op 
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common manifold. To create this argon bubble, valve 121 opens to permit pressurized 
argon to enter the top common manifold. Selected valves 101-109 open in series to permit 
some DMF to drain from the reaction vessels to the lower manifold. Valve 110 opens to 
vent the displaced DMF from the bottom manifold. After about 0.3 seconds, a small 
5 column of argon appears at the top of the tube which connects the reaction vessel to the 
top common manifold. Valves 101-110, and 121 then return to their default state at step 
868. 

At step 869, the bead suspension in the parent vessel is mixed in preparation 
iFor distribution among the reaction vessels. The commands associated with this step are 

10 similar to those discussed in connection with Fig. 18. Valves 10 and 90 then return to 
their de£auU state at step 870. This step ensures that a homogeneous bead suspension is 
evenly distributed among the selected reaction vessels. 

A portion of the bead suspension is then introduced to the top common 
manifold at step 871. This step is timed according to a preprogrammed time period so that 

IS the bead suspension that enters the top common manifold displaces most of the argon 

existing within the top common manifold without flowing past the manifold port into which 
the last reaction vessel tube, e.g., the reaction tube associated with sensor 109S, connects. 
A preprogrammed period of about 0.5 seconds has been found to be satisfactory. To 
introduce this portion of the bead susprasion to the top common manifold, valve 91 opens 

20 to pressurize the parent vessel with argon. Valve 129 opens to permit the bead suspension 
to flow into the top common manifold. Valve 120 opens to vent the argon existing in the 
top common manifold. After the expiration of the previously discussed preprogrammed 
time period, valves 91 and 120 return to their default state at step 872. Most importantly, 
valve 129 continues to stay open to prevent beads and polymers from being damaged due 

25 to the closing action of the valve. In the present embodiment, 2-port valve 129 continues 
to receive the command signal from the. control, computer to stay open in the manner 
discussed earlier. However, valve 129 may be a latch valve which toggles between the 
open and shut states upon receipt of a command pulse from the control computer. If valve 
129 is a latch valve and is already open, no action needs to be taken by the control 

30 computer to keep latch valve 129 open. 

Fig. I9B is a continuation of Fig. 19A. After some argon which existed in 
top common manifold 212 has been displaced, the rest of the bead suspension is 
transferred to top common manifold 212 at step 874. Valve 91 opens to pressurize parent 
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^ 200 »i.h »Son V,l«= 129 which ha. b»n lep. open permits .he pressuri»<l bead 
Clrl^ common — Seiecea vaives XO.-.C« <^ .o P.,^- «•« 

«iU.i» ...Coh vessds 200 ,o exi, InU, .owe, manifoid 214. Valve 110 opens .o 
Z DMP ...n .owe, ™a.« 214. Pa.y a„e » .he resistance or ''^^^^^ 
5 DMF recedes *w/h se.ec«d n^action .obes 20.-209 re.aUvely s.ow.y. The DMF d,spU«^ 
ZL^<^ 22.-229 conheCns elected reacUoh vessels 20.-209 W.U, »p — 
„,a^,old 2.2 is replaced wiU, U,e bead suspension. The column of suspens.o.-bubble- 
DMF advances slowly downward lowaids lower manifold 214. 

The column of bubble inmxluced earlier also advan«geously serves as a 
,0 volume marker, i.e.. provides a way for U» con». comp««r » de^n^ine wh» ^h 

tcacuon vessel has received a sumCen. amoun. of bead suspension- 1^ ^ "n^" 
suys capped be.w=en d,e column of DMF and U.e column of "^^^"''^^^ 
surface pr' per.es of ,he tenon and Oie high comae, angle be^«cn d,e DMF an<l teflon, 
.s discuss^ earlier, the op« sensors us»i In the presen. embodim«.. can d«ec. the 
,5 presence or absence of a U,uid column inside a subs^ntiaU, uansluccn. 

DMF is replaced by die downwardly advancing mass of be»i suspension, the bubbles 

down mto th, reaction tubes and into d,e mbes which connec the 
the lower manifold. A. the moment ^ argon bubble is detected by an ^-^J"^ 
.0.S-.09S on i« downward movemen.. that detector is momentarily turned off. The 
20 sensor da«, as discussed earli«. is communicaied to »,e control compu.e, whi^ promp^y 
issu^ a command signal «. shut off a respecdve valve 101-109. Af.r aU valves 101O« 
have been .umed off. me bead suspension mmsfer is resorted and conunues « ^ 
until acousac sensor .20S detect no fluid in the mbe connecting the parem vessel wtU, the 
top common manifold. A. s.ep 882, all valves except valve .29 tetum to d,e.r defauU 
,5 Slate AS discussed, valve .29 stays open to avoid damages the beads and valve 129. 

The syndiesizer a. .his poin. has suspension in iB reactfon v«sels. and 
possibly some bead suspension residue m me ^en. vessel. To mal» sure al. U.e beads 
Z .ransferred .o U,e reacUon vessels, a rinsing process compHsing a. least one nnse cycle 
U employed. ^^^^^^ ^^^^ ^ ^ ^ 

vessel a. s.ep 890 wi.h DMF sprays to loosen any bead suspension «^due which may 
have Cling to .he wall. V^ve 14 opens » sprays of DMF .o wash down me walls, 
valve 90 opens to vent the replaced argon from me pan=«. vesse.. The int«,or wall 
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continues to receive sprays of DMF until the level of DMF in the parent vessel rises to the 
level of lower capacitive sensor 90S and turns it on. This sensor data is received by the 
control computer which promptly issues a command at step 892 to return all valves except 
valve 129 to their default state. The contents of the parent are then stirred by argon 
5 bubbles in the manner previously discussed. 

Alternatively, the parent vessel may be rinsed by refilling it with DMF and 
then mixing it to loosen any bead suspension residue which may have clung to the interior 
walls or frit of the par^t vessel. First, at step 884 the parent vessel is refilled with fresh 
DMF. The refilling is accomplished by opening valve 10 to permit DMF to rater the 

10 parent vessel from the pressurized delivery system. Valve 90 also opens to permit 

displaced argon to exit the parent vessel. Wh«i the level of DMF in the parent vessel 
rises to the level of the top capacitive sensor 99S, top capacitive sensor 99S is turned on. 
This sensor data is received by the control computer which promptly issues a command at 
step 886 to return all valves exc^t valve 129 to their default state. The parent vessel is 

15 then mixed at step 888 by introducing argon bubbles to the parent vessel in the manner 
previously discussed. 

The mixture of DMF and bead suspension is then transferred to the reaction 
vessels at step 894 by opening valve 91 to pressurize the parent vessel with argon and to 
transfer the mixture to the top common manifold through valve 129 which has remained 

20 opened through out the rinsing process. Selected valves 101-109 open to permit fluid to 
flow from the reaction vessels to the lower manifold. Valve 110 opens to drain DMF 
from the bottom manifold. The frits at the bottom of the reaction vessels strain all beads 
inside the reaction vessels. Eventually, the parent vessel is drained. Sensor 120 turns off 
when no fluid is present in the tube connecting the parent vessel with the top common 

25 manifold. This sensor data is communicated to the control computer to signify that no 

fluid is left in the parent 'vessel to -transfer. .The. control computer continues to open valve 
91 for another 5-10 seconds to pressurize the top common manifold and to move any 
remaining mixture into the reaction vessels. After 5-10 seconds, all valves except valve 
129 are returned to the default state. One rinse cycle is completed. 

30 As discussed earlier, a plurality of rinse cycles may be employed to ensure 

that substantially all bead suspension from the parent vessel is transferred to the reaction 
vessels. Two to three rinse cycles have been found to be satisfactory. 
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Wh«. ,U ri.^ cycles »e comp.«cd, ai, valves including valve 129 are 
^^ed » U,e de«. s»« a. slep 896. N„« >ha. valve 129 ..nalns open ...ughoul U,e 
^ ».sp«.sion reallocate process, including e,e rinsing process .o 
aan^e » beads »K1 polyn^rs. Tl,e reacte vessel ban. is d.en draped of all n».ds 
the maniiCT earUer discussed at Step 898. 

From .he steps in Figs. 19A.19B, i, can be seen Iha. >he us. of tt.. argon 
,.bble allows .he bead suspension .o be dislribuled evenly among tt« reactton v^s 
^.ess of 0» flow ra. of each now parh be»ee„ vessel and ^u^J«sel. 

M long as ,hc argon bubble remains suble berween *e bead suspens^n and .^DMF^ 
^ J a viable marker is provided, enabling U,e sensors «, de«nnin. U» s««s of .he 
3: :esse,s. Tbe abili. ,o mainrain a ^ argon bubb., as ^J^^^ 
is due .0 .he favorable physical properties of DMF. i.e.. high con«C angte of DMF w,d, 

However, i. may be desirable „ use fluids o*er dian DMF when delivering 
„e beads lo reaction vesseU. This ma, crea« problem., « «« 

„„id do« no, have physical prr^es which are conducive U. ^ '^^^^^^^ 

■ -1 rKA^-Kr\ iiihirh is used as a solvent for DNA synineMi, 
bubble For instance, acetomtnle (MeCN), which is usea a» * . - .k» 

Tu^le U. produce a s»ble argon bubble. Thus, a di«^. approach for d».*u,mg U.e 
beads to the reaction vessels is required. s„ ,h. 

Fins 19C-19D illustrate an alternative set of commands .ssued by me 
control compute, tor mi:ting the contents of the pa.«i. vessd wh«, a stable argon bubble 

T^T^^r useful When only a small number. e.g.. up to four to nve. of 
^on vessels ^employe. ^ ^ ^ , 

smaller number of valves 101-109 are opened, i.e. . only those corxespcndmg U, the 
s^ed reaction vessels. The selected reaction vessels are partially fiUed wrU, a »lvent, 
^MeCN in order to displace the argon that exisu in d» reaction vessel banlc prtorto 
Z reallocation phase. After which, the selected reaction vessels and - P^' 
, f,„ed with MeCN. The flow of MeCN is stopped when the amount of MeCN m pa^t 
vessel 2«, rises to the level of second capaciuve sensor 99S. indicting that fllltng .s 
completed. Upon completion, tite selected valves then rennn to fl«ir closed state. 
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Next, at step 872a, the bead suspension located in the parent vessel is mixed 
in preparation for distribution to the selected reaction vessels. At step 874a, the bead 
suspension is then introduced to the top common manifold and distributed to the selected 
reaction vessels by opening valves 91, 129, and selected ones of 101-109. These valves 

5 remain open until the sensor 120S detects the absence of fluid in the tube connecting the 
parent vessel with the top common manifold. Since no argon bubble is produced, sensors 
101S-109S are not employed. Because only a small number of reaction vessels receive the 
beads, the time required for the beads to reach each of the reaction vessels is 
approximately equal, thereby ensuring a generally equal distribution for each of the 

10 reaction vessels. 

At step 890a, a rinsing process, such at those already discussed in Fig. 19A- 
19B, is employed to make sure all the beads are transferred to the reaction vessels. Upon 
completion of the rinsing process, all valves including valve 129 are returned to the default 
state at step 896a. The reaction vessel bank is then drained of all fluids at step 898a. 

15 Fig. 20 is a flow chart showing the sequmce of commands issued by the 

control computer to fill the reaction vessel with the desired reagent from the delivery 
system. The steps discussed in connection with Fig. 20 are also schematically illustrated 
in Figs. 21A-21D. This process assumes that the lower manifold is filled only with inert 
argon at step 900. Fig. 21 A graphically shows a relevant portion of the reaction vessel 

20 bank having an empty manifold. The lower manifold is first filled with a reagent at step 
902. Valve 100 opens to permit the reagent to enter the lower manifold, and valve 1 10 
opens to vent the argon displaced from the lower manifold. When the reagent is detected 
by sensor 1 lOS, all valves return to default at step 903. 

In some instances, the sensors 101S-109S may be tripped inadvertently or 

25 prematurely while filling the tubes connecting the reaction vessels with the lower manifold. 
For example, a sensor may be actuated by a stray droplet of reagent before the reagent 
actually reaches it. This can cause an insufficient amount of reagent to be present in the 
tubes for delivery into the reaction vessels. 

To reduce or eliminate problems associated with premature sensor actuation, 

30 the control computer, at step 904, can optionally be programmed to open valves 101rl09 
for a set amount of time in order to prefiU the tubes. Generally, the time is set so as to 
prefiU the tubes to about 75%, before being detected by the sensors 101S-109S. As 
described, this step does not rely on the use of sensors 101S-109S. Thus, prefilling 
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ensure U.« .he. is le« . sufflcien, a»ou„. o, ,^e„, presen, in .he .ubes „ tr,^J^ 
U,» reaction v«s=.s .o adc^tCy perfonn .nixins. even if U,e sensors ^ pre.a.u^ 
«„.,«.. A. s«p 905. U,e valves renrn, .0 deW. ate U.e predefine, unre has exp„ed .n 

oreparaUon for flUing ihe tubes. _ , , 

At step 906, the tubes connecting the reacSon vessel with Ihe lower 
„«if„M are filled to the sensors with reagent. The filling prc^ ma, be cam^ou, .n 
panllel to save tin,e or in sehes. Valve 100 opens to pemu. pressunzed argon from the 
:^uH^ deuver, system to enter the lower manifold. Seleced v-ves '0.^ o^ 
serially or in parallel, to penni. d.e reagent to enter the tube connectmg the reaction vessel 
wiU, lower n»nifold. When the level of reago.. in a nib. reaches the npper Ught sensors 

101S-109S, Uie light sensors turn on, and the conBol computer promptly nims oft an 

associated valve 101-1<». When all seniors 101S-109S are on, aU valves are r«un,e. u. 

Ote closed state a. step 908. Hg. 2IB schemattcally Ulustrates the r«»lt a«er thts filling 

Step is completed. 

The bottom manifold is then cleared in the manner earlier discussed at step 
910 Fig 21C Shows a relevant portion of the reaction vessel bank having a cleared 
n^anifold and a column of reagent inside the portion of the tube between a top optical 
sensor e.g.. lOlS, and a valve, e.g.. 101. After the bottom manifold is cleared, all 
valves are again returned to default at step 912. m reagent in the tubes are then pushed 
up into the reaction vessels through the frits. 

TO push the reagent into the reaction vessels. Argon valve 122 opens to 
permit ar^on from the pressunzed delivery system to pressurize the lower manifold. Vent 

valve 120 also opens. 

At step 913 the vortex motor is activated to commence agitating the 
reaction vessel bank for a predetermined amount of Ume. THe time period is sufficient 
long to permit the contents within the reaction vessels to mix completely. Generally, a 
time of about 4 has been found to be adequate, but may vary depending on the type of 

synthesis. ^^^^^ ^^^^ mentioned mixing period, at step 914. valves 101-109 
) open for a preprogrammed period of time to flow a small amount of reagent into the 
reaction vessels. Usually, the reaction ves^ls are filled and drained repetitively dunng a 
synthesis process. Each time the reaction vessels are drained, the beads tiierein become 
dry and clump together to form a "bead cake". Step 914 fluidizes the contents of the 
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reaction vessel and dissolves the bead cake. Since vortexing is most effective when the 
beads are at or near the bottom of the reaction vessel, only a small amount of fluid should 
be injected. Otherwise, the bead cake may float to the top of the reaction vessel, requiring 
more time to dissolve it. At step 915, the valves return to default after the predefined time 
5 has expired. 

At step 916, the remaining portion of the reagent is pushed up into the 
reaction vessel by opening valves 101-109. Each vessel is filled until its associated sensor 
101S-109S detects the absence of a fluid and the control computer turns off that valve. 
When all sensors 101S-109S are off, all reaction vessels are filled. To improve mixing, 

10 the vessel bank is agitated while being filled. As noted before, the reaction vessels may be 
programmed so as to fill the vessels in parallel or in series by opening all the valves 101- 
109 at once or sequentially. 

Alternatively, the reaction vessels may be filled without relying on sensors 
101S-109S. For example, valves 101-109 may be opened for a preprogrammed time 

15 period which is sufficient to fill the vessels to the desired level. A time period of 0.5 
seconds to 1 second has been found to be satisfactory. However, this time period may 
vary according to the number of vessels being used, i.e., the greater the number, the 
longer the time required. Fig. 2 ID shows a diagram of the reaction vessel after being 
filled. 

20 Note that the volume of reagent to be pushed up into the reaction vessels 

also can be easily changed by varying the length or diameter of tubing between valves 101- 
109 and sensors 101S-109S. This change can be easily accomplished by substituting the 
tube which connects a reaction vessel to an injection valve, e.g., valve 111, with a tube 
having* a different length or cross-sectional dimension. 

25 It may also be advantageous in some instances to increase the diameter of 

reaction vessels themselves. For instance, it may be desirable to simultaneously mix the 
beads with two or more reagents. Such mixing can occur by following the steps described 
in Figs. 21A-21D to introduce the first reagent to the reaction vessels. A second reagent 
is then introduced to the reaction vessel by repeating the steps described in Figs. 21B-21D. 

30 In so doing, however, an argon bubble will be disposed between the bead suspension and 
the second reagent due to the argon left in the tubes 241-249 and 271-279 before 
introduction of the second reagent. To remove the argon bubble from the reaction vessel, 
the inner diameter of the reaction vessel can be made larger to reduce the height of the 
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■thin the reaction vessel, thereby making escape of the argon bubble 
bead suspension withui the reacuon v» , ^ 

U„o»6h Z be.d s„sp»sio„ After removal of me argon bubble, tt.e b«d 

ana *e ^n. reagen. are mixed »ge*er b, vor^xln. as prev.o>..y 

Fi, 22 is a flow char, sbowing U.e sequence of comn^nds issued by *e 

• ■ r..A that the lower manifold is cleared, i.e.. contams only argon, at the 
Again, it is assumed that me lowcr uio. valves 
si. Fig. 23A Shows a diagnun of U,e reacUon vessel. *e lower man-fold, *e valves, 

D U,o sensors, and associated tubes at <he slarl. . „„ 

reservoirs at step 917. unce u. ^ y u « n -JM HBTU and 0.6M DIEA in a 

at step 918 with amino acid activating reagents such as 0.2M HBTU and 

.-.inMFtoDCM The manifold is filled in the manner discussed in 
.luuon of 3:1 o DCM. ^b ^^^^ ^^^^ 

connecuon with Fig. /U, l e., open vox 
Thereafter all valves close at step 920. 

nte activating .eagents then enter the ntbes connecting ...e reacton vesse s 
; M v=l»« 100 and 120 open to let pressurized activating reagent 
20 with the lower ntantfold^ V^^OO ^ pe^ ^^^ ^^ ^ ^ ^ 

enter the lower manifold at step 922. ^eiecieo cten 924 Fig 

optical sensors 111S-119S senses fluid pre^ce. All valves again close at step 924. Fig. 
Tstr^iLly Shows tiie presence of fluid in relevant portions of the reaction vessel ban. 

after this initial filling step. 

TO accomplish the injection, valves 100 and 120 again open to let 

pressuri^ activating reagents enter the lower manifold at step 926. Selected ones o 
Tes 101-109 open in parallel to permit a column of pressurized ac-ting r^^ to 
advance up tiie aforementioned tube. Simultaneously, associated ones of valves 111-119 
^rr^ect amino acid into tiie upwardly advancing column of pressurized actuating 
open to inject amino graphically shows this injection 

reagent and to mix with Uie acttvanng reagent. Fig. 23C grapm y 



30 

step 



When each sensor 101S-109S detects a fluid ptesen^. control computer 
^ off a valve 10.-109 which is associa«d with that sensor. Wh«. all valves .01-109 
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close at step 928, all valves of the reaction vessel bank return to the default mode. The 
mixture of amino acid and activating reagent is preferably permitted to stay in the 
aforementioned tube for about two minutes to ensure proper activation at step 930, 
Thereafter, the bottom manifold is cleared at step 932 in the manner 
5 discussed earlier in connection with Fig. 17. The column of mixture between valves 101- 
109 and upper sensors 101S-109S are then pushed up into the reaction tubes in the manner 
discussed in connection with Fig. 20 at steps 913-916. 

Fig. 24 shows the sequence of commands issued by the control computer for 
transferring the bead suspension within the reaction vessels back to the parent vessel. At 

10 the start, it is assumed that the reaction vessels have been drained, and the lower manifold 
is filled with argon. The reaction vessels are first filled with a solvent at step 936 in the 
manner discussed in connection with Fig. 20. Thereafter, all valves return to default. 

Next, the mixture of beads and reagent is vortexed to create a suspension at 
step 938. Alternatively, the mixture of beads can be vortexed while the reaction vessels 

15 are being filled. Such a process improves the speed of suspension and helps prevent the 
beads from clumping together at the bottom of the vessel. The contents of the reaction 
tubes are transferred to the parent vessel at step 940. Valve 122 opens to pressurize the 
lower manifold with argon. Valve 129 opens to permit the bead suspension to move from 
the reaction vessel bank to the parent vessel. Selected ones of valves 101-109 open, 

20 preferably in series, to permit argon to blow the contents of each reaction vessel up toward 
the top common manifold and into the parent vessel. The contents of the reaction vessels 
are thus transferred to the parent vessel serially. Although the above transfer may also be 
performed in parallel by opening valves 101-109 simultaneously, serial transfer permits 
argon pressure within the reaction vessel bank to remain high and is therefore preferable. 

25 Furthermore, each of valves 101-109 preferably remains open for about four seconds to 
ensure that substantially all of the contents of a given reaction vessel are transferred to the 
parent vessel. During this process, valves 90, 122, and 129 remain open. 

After the contents of all reaction vessels are transferred to the parent vessel, 
the reaction vessels may be rinsed and another transfer process may occur. To rinse the 

30 reaction vessels, the above steps are repeated, starting with the refilling of the reaction 
vessels with DMF at step 936. As shown in steps 937 and 941, valve 129 is kept open 
during the line cycles to prevent damage to the beads and valve 129. The parent vessel 
preferably has volume for at least three transfers. At the end of the recombination, the 
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„3^. U p«f»-.., dnine. «peM„" v^«s UO 91 u„U. .he lev., of fl-M in 

veJreaches ^ow lower capaciUve senso, 90S 3„a .un.. se„»r CT. 
Three cvdes of linse have heeci found to be satisfactory. , ^ , ,. 

Thereafter, all valves including valve 129 return a. step 942 to U« default 
^ T»e contenu of the parent vessel are agita«d at step 9« to mix the beads frcn, .he 
Tous vesscs i„ the .aruter discussea in coturecdou with Pi. 20 Hthe ^s a. » b. 

from dte parent vessel, the parent vessel is preferably draped a. step 946 b, 
^valv« 10and9. until the level of fluid in the parent vessel reaches below low^ 
ZZ.. sensor 90S and tirms titat sensor o«. A« valves are subse,u^U, retu^ed « 
r^948 to their default state, m tnixture containing beads «»y then be removed from 

the parent vessel for use. 

Alternative.,. ti» bead, may be reaUoc^ed to the reacttoa vessels m «.e 
^„ discussed in connection with r.gs. 2.A-2IB. FoUowlng the reaHocation. al. va.ves 
return to the default off state. 

G Overall Diagram of Software 

Fig 23 is a flow chart of the source code which is included herem as 

Appendix!. Module 950 rep,««.tsa«»s«. * -"-^ '"'"''^ ^'^t^, 
contn^nds from the user. A.temative.y. U,e user may e„^ ; ™; 

^.cf«. 05-^ The commands received by menu system 953 are 
«vnthesizer using a menu system 953. ine comnKu 

reverted » a format usabte by command in,erpr«er 952. » caU a suppon routine 
in support routines module 962 dir^y. Command interpreter 952 also pa^ *e 
Ttlds entered, textitally or otirerwlse. by tite user. Thereafter. ti« pars«. comm^ 
1 and execute support routines in support routines module 962. ^ ^ 

S commands are formatted by a display formatter 954 and disph.yed on a .^lay 762. 

Module 958 contains a plurality of macro Hies. A macro fie drfines. for 

example Ute sequence of steps titat must actuaUy talce place to nm a synapsis or butld a 
^ M its most basic level, a macro fde contains, for ».ample. mac^ wh^ m tun, 
conX sets of discrete commands for controUing valves and reading sensor mfb^ation. 
K, 7Z may utili. oti,er basic macros to perform higher level ^.nctions such as dmrntng 
^tion V-.S201^09^^ ^^^^ ^ _ ^ ^ 

passed into a synthesiaer library controller 960. Syotitesizer library controller 960 calls 
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the macros for actual synthesis. For example, one macro may specify the initial global 
variables that must be set before synthesis begins. 

Fig. 25 shows a support routines module 962 for running a variety of 
support subroutines. One such subroutine is autofill, which is a subroutine for 
5 automatically filling the reaction vessels until all sensors are on. Support routines 962 
acc^t inputs from either command int^preter 952 or menu system 953. Option list 964 
contain pointers to functions, etc. Fig. 26 shows the inputs and outputs of option list 964 
and its relationship with command interpreter 952 and support routines module 962. 

There are also initialization files 966 for holding global variables and global 

10 settings. Initialization files 966 hold, for example, a value representing the amount of time 
during which a strike voltage is supplied to a valve to open a closed valve, etc. A lookup 
table file 968 cooperates with synthesizer command library controller 960 to, for example, 
permit a monomer to enter appropriate selected reaction vessels. Lookup table file 968 
may contain, for example, a listing of each reaction vessel, its corresponding tag 

15 monomer, and the list of monomers necessary for synthesizing the desired polymer. 

Fig- 25 also shows a log file 970. Log file 970 accepts inputs from 
command int^reter 952 and synthesizer library controller 960. Log file 970 contains 
operational data for diagnostic purposes. An entry in log file 970 contains, for example, 
information relating to the macros called. 

20 An associate file 972 contains a listing of each reaction vessel and its 

associated valves and sensors. Associate file 972 cooperates with both synthesizer library 
controller 960 and support routines 962 to simplify the task of addressing each reaction 
vessel and its associated valves and sensors. 

The digital commands outputted by support routines 962 enter a parallel 

25 driver 974. Parallel driver 974 may be, for example, PCDIO120-P I/O board 766. 
Paraliei driver 974 outputs valve control signals .976 via its I/O channels to drive the 
solenoid valves. The valve control signals, as discussed, are further processed by 
controller circuit 768. Furthermore, parallel driver 974 outputs stepping motor controller 
signals 978 to control the vortexing st^per motor. Sensor inputs 980 from the optical 

30 sensors, the ultrasonic sensor, and the capacitive sensors of the synthesizer are also 

received by parallel driver 974 for processing by support routines 962 via sensor checking 
subroutines 982. 
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Pig 27 mustrates the data structures necessary to control valves. A valve 
■ H VINDEX Ly 986 accepts a valve number 984 as input and provides a poster to a 
index VINDEX array y»o a p , vFS array 988 contains a pointer to a data 
VALVES array 988. Each element of VALVES array 988 . ... 

^ »»;„c « hU<! of valve data informauon. The bit 
byte 990. Each data byte 990 contains 8 bits of valve 

, . r -^^^i^n fnr a Piven valvc IS accessible by tne aaaress ui 
.„„,»tai„s «.ve dau .nfon^uon t« a g^ven^ 

byte 990 and a shift value represennng the relauve loca , , „ ^ „, „„ , 

«0 Each bit of dau byte 990 may be mampulated to appropnately turn on or off a 
r.e.^"l.ve da. — in each hit controls a cotrespondins val« v,a ontpu. 

F,g 28 Ul»st«>« me dau structures necessary for recdving sensor 

infonnaeon front input port 994. The infbnnation represennng the binary <>' 
imorm*u uvte 996 To access the informaUon m data byte 99b, 

^. is stored in one b.t tn a <>- ^ sENSOR array 

a sensor nutnber is used to access CENSOR an^ 99^ ^ 
998 contains a pointer to an approprule data byte. Each data by . 
Isor dau inforntauon. The bit containing vaWe data informabon for a gwen va, e 
rissible by the address of its data byte 996 and a shift value represenung the relattve 
location of that bit within data byte 996. 



20 



25 



30 



H Windows Interface 

The control software may incorporate a Windows-type interface or 
V n«ce Generally the Windows interface is a rectangular, graphical user interface 
=Cre : ^do. for^^^ ™ ^^^^^^^ 

r zrrrrtrirr a'z:: ruser^mn^ 

At tne top oi u .„ft„™ tools for use with application objects, 

which may invoke additional submenus and software tools lor p^ 
r,^ »„dlw also includes an area for displaying and manipulabng screen objects, m 
ZZ a worlcspace or viewport for the user to interact with data objec whtch reside in 

rh#- memorv of the control computer system. 

"^"''^ „ i„,erface includes a screen cursor or pointer fbr selecung a„d 

♦ T« r*^«v^n^e to user movement signals from 

TpTrgtrir :n:rr ix. ™oves> across . 

» screen .c..n. ^ ^ ^^.^r^^^^^^^^ 
user-event Signals (e.g., mouse button clicks ana arag ; 
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objects, as is known in the art. For example, the window may be closed, resized, or 
scrolled by "clicking on" (selecting) screen components. Keystroke equivalents, including 
keyboard accelerators or "hot keys", are provided for performing these and other user 
operations through the keyboard. Thus, a Windows interface provides a more intuitive 
5 approach to interacting with the control computer. 

Underlying the Windows interface is a message or event-driven architecture. 
This model is perhaps best described by contrasting its operation with that of a modal or 
sequential architecture that has been traditionally employed, as exemplified by the 
command interpreter in Fig. 25. In this manner, the reader may appreciate the added 

10 flexibility as well as complexity of an event-driven system. 

A modal program comprises a series of discrete operating blocks or modes 
having a well-defined beginning, middle, and end. Thus, the program follows a fairly 
rigid sequence of operation with each step necessarily being completed before the program 
proceeds to the next step. 

15 While a modal program is relatively easy to design and implement, it is 

generally not easy to use. The design certainly ensures that all required information is 
entered, but only at the expense of forcing users to operate in a manner dictated by the 
program. Specifically, since the program is built around a pre-arranged set of modes, a 
user cannot get from one mode to another without first completing a previously-required 

20 mode. Any deviation from this sequence by the user is simply not permitted. This 
inflexibility of the modal programs may be inefficient for handling real- world tasks. 

On the other hand, an event-driven architecture eschews a pre-selected 
sequence, opting instead for an "event loop." The event loop is a centralized mechanism 
for processing messages about user and system events. It includes an event queue and 

25 mechanisms for retrieving and dispatching messages to various window classes. 

Messages are- how the operating system manages and synchronizes multiple 

applications and hardware events, such as clicks of a mouse or presses of a keyboard, 
which in MS-Windows are converted to messages by Windows event handlers. From a 
programming perspective, a message is simply a data structure containing information 

30 about a particular event. The message structure may include a message identifier which 
serves as a symbolic constant for a particular event. For example, messages from a 
window object might include information about creating, closing, moving, and re-sizing 
the window. Additional event data are available as message parameters; the exact 
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„,«^ter varies with each event type represented. Input 
interpretation of a given parameter vanes wxt ^.^^^^ 
messages are coUected in a system-wide queue and men d.ec^ o * P 
These messages, along with timer and screen pamt (screen refresh) messages, 

to the target application(s) °f -^-"^ ,y3tem queue and 

A mechanism is provided for retrieving messag 

Windows function which processes all messages sen ^^^^ 

, rinncueue is provided where Windows may place messages that belong to pco 
applicatton queue is proviucu reads the awaiting 

f ^.nh of the foreeoing are hereby incorporated by reference lor ai p 

t ^ i^m At the too of the window is 
a mrao bar 1305 with user command choices 1306-1313. Eacnoitn 

l.o»aI submenus conuining commands for con-roUing ^ opera^ons of .be 
— cbolcesoffera.^.ene.bUi.of.U^P«^»-.. 
sUesis automatical., or manuall, b, invoking U,e appropna-e commands 



25 

mouse. 



30 



The GUI is designed with the intention of being a user friendly 
environment, thus minimizing efforts required for programming 
example a dialog box object or a set of dialog box objects is associated with each 
ntd. When a command is invoiced, the appropriate dialog objects ^ disp^ed 
I worl^pace and interactively prompt the user to enter the necessary — ^ ^ 
H IP command 1313 provides information to assist a user through the process. Usmg the 
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dialog objects, the user may program the synthesizer without using traditional text 
commands. 

Fig. 34 illustrates a submenu 1320 that is associated with the Macros option. 
A user may invoke either a Learn or Run command by clicking the mouse on submenu 
5 item 1321 or 1322, respectively. In the Windows environment, a macro is an object that 
contains a set of discrete commands, such as those discussed in connection with Figs. 16- 
24, for controlling the synthesizer. Using the Learn command 1321, the user can defme a 
macro to perform specific functions. The submenu may also identify the keystrokes 
assigned to invoke the available commands. For example, "Alt+L" is used to execute the 

10 Learn command. 

Once the macro is "learned, " the Run command 1322 may be selected to 
execute the learned macro or any other macros which have been previously defined. Fig. 
35 exemplifies a dialog box object that is displayed when the Run command is invoked. 
The dialog box object includes an area 1325 (combination box) which lists the available 

15 macros. To select a macro, the user enters the name of a macro in a Select Macro space 
1324, Alternatively, the user may scroll, by clicking and dragging the mouse, until the 
desired macro file in space 1325 is selected. The user then enters the number of times the 
macro is to be repeated in space 1326. Finally, to run the macro, the user clicks the 
mouse on a RunMacro button 1327 or a RunSMacro button 1328. The RunSMacro 

20 command instructs the system to perform the macro functions serially, i.e., one reaction 
vessel at a time. The Cancel choice 1329, when selected, exits the dialog box object 1326. 
A Help choice 1330 provides information regarding the different choices in the dialog box 
object. 

Fig. 36 illustrates a submenu 1335 which is displayed when the Groups 
25 option 1310 on the menu bar is chosen. Submenu 1330 includes a Defme command 1331 
which is employed to defme a set of valves associated with a group of specific reaction 
vessels. Once defined, the valve group is stored as a group object in memory. The 
computer's memory may contain many group objects, each defining a unique valve group. 

30 Submenu 1330 also includes an Open/Pulse command 1332 to fill and drain 

the selected reaction vessels for a predefined time period. When invoked, a dialog object 
box associated with the Open/Pulse command is displayed. The dialog object box, 
somewhat akin to the one illustrated in Fig. 35, contains a combination box that lists the 



SUBSTITUTE SHEET (RULE 26) 



10 



15 



pCTrtJS94/12347 

WO 9S/12608 

120 

g^up =bi=« fton, «. Choose. The user selec. .he desired .roup and 

J JL. a«c p^iod » pulse U» seated v.ves in . assigned spaee prov,d^ h, 
^ dialog ohjec TO ffl. «» reacaon ves».s, U,e user cUc,=s an Open i.u.»h «. --e 
1 me Lvi are » b. opened. Next. U,e user initiates ihe filing process by chci^ng 
ZT. or SPuise fa, «,e reaction vessels serially) hu.^. To drain «,e reaction 
vessels, ti-e user cUcks . Oose bu,»n and eiUrer tt.e Pulse or SPulse button. 

Tlie user, using a Fill/Drain command 1333, can fill or dram the vessels 
autooiatican, using sensors. T1» Pill/Dtain comtnand, when select«., dispU,s a dialog 
box Object similar to th« of dK Open«^ase comm^td. The user selects the group of 
valves and cUcks eiUter an AutoFill or SAutoFil. button to perform a fill fune^n or ^ 
AutoDrain or SAutoDrain button ,„ empty the vesseU. In some embodtme^ts, a 

Time Delay option tnay be provided to delay the valves f™m being closed or opened af«r 
Iggering L sensors. This function is particularly useffl in siti^tions where the react on 
ve^ls are not quite a. their desired levels wh=. the se^ are activated. By settmg the 
aelay option with a speeMe delay period. tiK reaction vesseU can be ftil». '^^"^^^ 
AS 1 be seen. ti» comma«ls assodat-l with the Group men. afford tite user flex,b.l,t, 
in Choosing combinations of re«=fionvesseU to em^y during syntitests. 

Fig 37 inustrates a submenu 1340 containing die options available for the 
variables menu selection. A create command 1341 defines a vahable which may be 
implemented in «.e macros. V^iables are typically employed, for example, m sttuauons 
where the value, such as time, may vary from one synUtesis to anotiter. Instead of 
creating a macro for each time vdue, a variable is simply defmed to correspond to .,me. 

«mables are s« to the desired value before each sy.ti.esis cycle us-ng ti,e set 
command 1342. 

F.g 38 iUustrates a submenu 1345 du.t is associated with tite D.agnos..cs 
option. Submenu 1345 includes Valves 1346, Senson 1347. and Mix .348 commands to 
gives a user intimate control of ti,e syndtesizer and ace«» to information regardtng .he 
Lti,esi^ for diagnostic purposes. Tire Mix cmmaml 1348. when selected, aaiva»s .he 
vortex moti.r to mix tt.e reaction vessels for a period of time as speciHed by U« user, 
a Referring u> Fig. 39. a Valve Diagnostic dialog box object 1390 is d.splay.d 

when d,e Valves command is selected. The user, via dialog box object 1390. may control 
ti,e operations of any valve in ti,e syn««sizer by selecting fl« entry witi, which the des,red 
valve corresponds. For example. Valve 100 in Bank 1 is opened by clicking ti« cursor on 
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box 1391. For convenience, all the valves may be closed by selecting the Close All 
command 1397. A Cancel command 1398 closes the dialog box object 1390. 

Fig. 40 illustrates a Sensor Diagnostics dialog box object 1391 
corresponding to the sensor command. As shown, Dialog box object 1391 contains a box 
5 1396 associated with each sensor. Boxes 1396 inform the user of the status of the 

corresponding sensors. For example, if a box has an "X" in it. this would indicate that the 
sensor with which it is associated is on. Conversely, an empty box would indicate that the 
sensor is off. 

Fig. 41 illustrates a submenu 1350 that is displayed when the File option is 

10 selected. A New command 1351 creates a new synthesis setup file for carrying out a 
synthesis and a Modify command 1352 allows a user to select a preexisting synthesis file 
for editing. Once the synthesis setup file is completed, the user invokes either the Save 
1354 or Save As command 1355 for saving the file in memory. A Print command 1357 
prints the selected synthesis file. A Print Setup command 1358 configures the printer to 

15 desired mode, such as printing the file in landscape mode. An Exit command 1359 is 
invoked to leave the File option. 

In some instances, such as prior to each synthesis, or when a new valve 
group is selected, the user may wish to configure the system by invoking the Load CFG 
files command 1356. The system loads the appropriate files to inform which are the 

20 appropriate valves to use. In effect, CFG files map or ''associate" the valves with each 
selected reaction vessel. 

Figs. 42-44 illustrate the dialog objects used in creating and modifying a 
synthesis setup file. Referring to Fig. 42, a Set Associate dialog box object 1360 allows 
the user to select the desired reaction vessels by checking the appropriate boxes contained 

25 in space 1361. For convenience, a Check All button 1362 and Uncheck All button 1363 
are provided to easily select or de-select all the reaction vessels. Check Bank buttons 
1364a-1364d allow the user to select all the reaction vessels belonging to a specific bank. 
A Cancel button 1368, when selected, aborts the synthesis setup process. A Help button 
1369, as previously explained, provides information to assist the user through the process. 

30 To continue the synthesis setup process, the user clicks the OK button 1365 which closes 
the Set Associate dialog box object and displays a Synthesis Setup dialog box object. 

Fig. 43 illustrates the Synthesis Setup dialog box object 1370 with which a 
user defines a Start Macro 1371, a Loop Macro 1372, and an End Macro 1373 for the 
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; The Stan Mac«> and End Macro, for exan.p.e. include commands for washing 

syntheses ^''^^^/^^^^^^^^^^^..y^^esis process. The UK>p Macro conta.ns 
the reaction vessels before and aner eat > . , ^ . ,he selected reaction 

rf„rm a wnthesis These commands include mjectmg tfie selecteo reacu 

" ;;:rir: r rr. o... ... .so. ^ 

i„il amino acid V and oUgcnuoleoUde ATOCCGA i«o reacuon ««. 1. After d,e 
r^Ta. codes a. en„«d. U» ^ cUc.3 d« OK .uuon .382 » ^ 
pLL A Cance. buoon .383 U provided » abor, rhe proceas. As can been seen, 

s,„d«s,s library can easily b. c,ean=d using .he symhesls se»p procedure. 

once .he synthesis senrp is con„le.ed.d,e user ma, ,mua.ed« syndesis 

process. Re,erHng . Bg. 45, d,e user «,s. selec. d» Syndresis op.io„ .30^^^^^^ 
GO command ,39. «> begin ^ P««ess. As a. al.ma,l.e. a user may bu„d a s,ngle 
macro «> perform fu«:tions Similar K.O,ose saved in Uresyndresis fries 

Referring u. F.g. 46. U« GUI displays a s.an.s screen 140O dunng U» 

25 synd-esis or macro execudon. As s.K.wn, .he s.arus screen is divided in. .wo sepa^e 
Ls ,40. and ,402. m r,rs. area .401 displays informa.ion reUUng .o *e s,^-- 
For e^mple, dre ,»mes o, d,e Sun Macro, l«P Macro, a«. End Mac., are h^- 
Addidonally, a Loop Number line 1408 informs *e user as «. dre number of loops 

remaining in -^r^^ ^ ^ ^„ „ being 

^cecured. As previously described, a macro ma, be n«ed wiU. oU,er » perf-- 

igher level funcions. The s..us screen m„ be designed .0 lis, up .o 0 --"-^ 
,L..409i of macros being called. A Command line .4.0, a Tim.ng i.ne .4.1, Message 
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line 1412, and RV*s line 1413 may be provided to display additional status or configuration 
information. For example, the Command line may show which macro command is being 
executed; the Message line, when applicable, displays a text message as preprogrammed by 
the user. The Timing line displays the amount of time that remains in which the valves are 
5 opened or closed. The RV*s line informs the user which reaction vessels are used. A 

Time to Complete bar 1414 informs the user as to the percentage of time remaining before 
the synthesis is completed. 

At anytime during synthesis or macro execution, the user may switch into 
the "User Abort" mode by pressing a preassigned function key, i.e. F12. The User Abort 

10 mode allows the liser to pause and execute macros that are not defmed as part of the 
synthesis without having to abort the synthesis process. When invoked, the system 
temporarily pauses execution and displays the User Abort dialog box object 1420, as 
illustrated in Fig. 47. At this point, the user may insert any macro for execution. This 
can be done by typing the name of the desired macro in a Select Macro box 1421 and 

IS clicking the mouse on a Run Macro button 1422. 

The User Abort dialog box object also provides an Ignore button 1424 which 
enables the user to continue the synthesis process as if the system had never entered into 
the User Abort mode. A skip option 1423 instructs the system to first skip over the 
current command in the macro before continuing the synthesis. A Retry button 1425 

20 causes the system to execute the current macro from the beginning. An Abort bunon 1426 
allows the user to cancel the synthesis. 

Fig. 48 illustrates a submenu 1430 associated with the Edit command. The 
Edit command permits the user to easily access and modify the various objects by selecting 
the appropriate items listed in the submenu. An Associate command 1431, when selected, 

25 displays the dialog box object which lists the Set Associate objects stored in memory. By 
selecting the desired object, the: Set Associate dialog box object is displayed. At this point, 
the user may edit the contents of the dialog box object with the mouse. When finished, the 
user clicks the OK button and the modifications are saved. Likewise, the user may edit the 
Group, Macro, Variable, and Code objects by selecting the desired object. The selected 

30 objects are then placed in an editor, allowing the user to modify the text. 

As previously mentioned, the sensors may be inadvertently triggered by the 
presence of a drop of liquid. This may be a problem, panicularly when the solution used 
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O^. me synopsis cyC. a M.h co„ce„^Uo„ of bubbles. To avoid or u.^^ 

u^KnUon;- ,rig,eri„8 of U.e sensors, *eir sensiUvUy may be programmed. 

The sensors are programmed using a Machine Confg command 1456. Th. 
command displays a Config dialog obiec. bo. con« several enuies, Fm%, Dr-"^. 
"meou* IprsAve. The Fm% specif.es fl» P«ce„uge d,.. Ure sensor ren^ms on ,0 
^ ;hen dre reacUon vessels a. tuU. For example, if 80% is en,er«., U>e sensor 
tr;: on S0% of U,e dme rha. i. is read. T.e Drain* speei^es d. percemage U,a, . e 
^sor remains off » de« when dre reacdon vessels are emply. As an example, rf 
To%i. emered. d,e sensor mus, be off 80% o, d» dme .hat U is read. Timeon speafres 
Tdme period .o delay before U« sensors are swiKhed on or off. PrsAve sp^fies d« 
T.Z o7;inU or readings „ use «, de^rmine «,e percen^e of dme .ha. d-e sensors 
are on or off The user may also sp«:ify d-e sensor or group of sensors from «h,ch » 
Tl.ereaf.er, «.e use. elides ^ OK budon which ,uU.madcaUy configures d.e s,s.m 

according K) dre paiameBrs. 

Fig 49 is a flow char, illusoadng Oc even.-dnven arch.Bch.re of .he 
con«,lsof«^ as describe! in Figs. 3^48. As shown, an I/O Obiec. module 1450, 
which is d« hear, of U« synU,esizer-s GUI, Miu.«s communicadon among d,e vanous 
obiec. modules comprising d« GUI. When d« conm,l sot^are is inida.ed, a m^u^ 
.1 loads d« configur^ion ffles in» d,e VO Objec. module. These files ane us^o 
configure a Variable Wec^ module 1456. l^lcup Table Objecu module H5 . Ma«o 
ObieL mc-ule .458. Group Obiec« module 1459, Valve Obiec. Array module 1461, and 

Sensor Object Array module 1462. 

n,e Lookup Table ObiecB module conrains a file used tor mappmg d.e 
valves and sensors K, dreir corresponding reacdon vessels so as .0 eUmma« d» need ,o 
manually address each individual valve or sensor reladng u> a specific reacdon vesseL 
The Mairo Objecu module s.ores U,e Us. of defined macro; d,e Va^. ^TZZ' 
stores .he defmed variables while d,e defmed group obiec« are s»«d m U.e Group Ob^rs 

The valve Obiec. Array module sBres an mzy identifying each individual 
30 valve in .he system. To close or open a valve, U« I/O Obiec. module scans U,. Valve 
C^jec. Array module undl if finds a m..h. When a ma.ch is found, d.. Valve Obiec 
Array module ourpu. a signal » co„«o. dra. specific vaive. To conm,l a group of valves. 
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the I/O module cooperates with the Group Objects module to scan the Valve Object Array, 
causing it to send the appropriate control signals to the selected valves. 

The Sensor Object Array module stores an array identifying each individual 
sensor in the system. The I/O module may read a sensor by scanning the Sensor Object 
5 Array module until a match is found, causing it to read the specified sensor. To read a 
group of sensors, the I/O and Group Objects modules scan the Sensor Object Array 
module to determine the appropriate sensors to read. 

The GUI also includes a Dialog Box Objects module 1453 and a Synthesis 
Object module 1454. The Dialog Box Objects module contains the dialog box objects 
10 which are displayed when certain conunands are invoked. The Synthesis Object module 
stores the current synthesis setup file. To perform a different synthesis, the GUI reads the 
desired synthesis setup file from memory into the Synthesis Object module. Conversely, 
the contents in the Synthesis Object module are written to memory to save a synthesis 
setup file. 

15 A Main Window Object (MWO) module 1452 communicates with a View 

Object module 1455 which displays the GUI's main window (Fig. 33) on the screen. A 
Message^ in response to a user command, is sent to the MWO. This message is parsed to 
determine the appropriate command to execute. For example, if a Macros command is 
received, the MWO instructs the I/O object to retrieve the macros dialog box object from 

20 the Dialog Box Objects module and the lists of macros from the Macros Objects module. 
The View Object module receives this information from the I/O module and displays it on 
the GUI. 

In one embodimrat, the I/O module contains a Watchdog routine to shut 
down the synthesizer if the computer should malfunction. For example, the I/O object 
25 module may be programmed to send a pulse every 2 seconds to the synthesizer. If for any 
reason the synthesizer fails to receive these pulses, it will assume that the control computer 
has malfunctioned and will power down. 

EXAMPLES 

30 The following examples are provided as further illustration of the present 

invention and not as a limitation. 
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EXAMPLE 1: UBRARY PKEPARATION AND SCREENING 

This Ex^ple m»s«.tes how produm of a combinatorial pep.,* 
s™*«is o„ «sin b«ds can be expUcitly speciM by atuching an oUgonuCeonde 
iLttfier «g ». .he beads coinciden, wiU, each amino acid coupling step in the s^thests. 
Each tae conveys which an,ino acid monomer was coupled in a pardcalar step of .he 
^1. ana I overall „ of a peptide on any bead can he deduced by «ad.„g 0. 
,ag<s) on that bead. The collection of beads can be screened tor binding to a 
flLr^cendy-labeled anti-peptide anUbody using a nuorescence activated ceU somng 
(PACS, instr^men.. Titos, beads to which an anUbody binds tighUy can 
FACS and U,e oligonudcoUde idenUfiers .ha. are «»ched to individtul sorted beads can 
L'^plifted by th! PC. The sc-ences of U» ampiiaed .NAs ane — .o .vea. 
the identity o, d,e pepdde se,ue„ces which bind » U» andbody wtd. high affi «^ By 
combining high capacity, oligonucleotide ccKl^based information storage. amphfi«»on 
methodology, and n«„rescence-based sowing. *e presen. metitod provules a m^sfo^ 
specifying d,e identi.y of each member of a .as. library o, mol^ules ^thestze^^ from 
Z nawral and unnatural ch«nic.l building blocks ».d ft. quickly and efftcently 
i«,h.ting individual beads that bear high affini., ligands for biological receptors. 

in thU Example, single stianded oligonudeottdes are used to encode 
combinatorial peptide synthesis using boU. I. and D-amino acid building blocks a^JO .m 
diame^r polyslyrene beads. T,. oHgonudeotide tags have a high u,tom,auon cont n. are 
3„^,e » very high sensitivity detection and decoding, and, with the present meth^ 

stable to reagent used in peptide synthesis. Peptides and nucleotides a« assembly n 
^railel, al«mating synflreses so that each bead bears many copies of bed, a smgle^^bde 
Zence and a unique oligonucleotide identitier tag. The oUgonucleotid^ 
5.. and 3'-PCR priming sites, and thus the beads can serve as .emph«es tor Ote PCR. Tlte 
eroded synthetic library contains about 8.2 x lO- hepta-peptides and is scree^ for 
binding to an anti-dynorphin B monoclonal a«tib«ly D32.39 (see Barren & Goids«.n, 

,9S5. Hsma^ fi: "'-l^O. '"-^-"^ ""^ ' T™ 

activated cell sorting (PACS, instrument .„ select individual beads tita. str^gly btnd the^ 
, antibody. After PCR ampliftcauon of tite oligonucleotide tags on sorted beads. U>e DNA 
is sequenced to determine Uie identity of tire peptide ligands. 
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A. Reagents and General Methods 

The monodisperse 10 fxm diameter bead material used in this work was a 
custom-synthesized macroporous styrene-divinylbenzene copolymer functionalized with a 
1,12-diaminododecane linker purchased from Pharmacia. The beads are Pharmacia 
5 Monobeads^ that have not been derivatized with Pharmacia's Gene Assembler Support 
linker. See Ugelstad and Mork, 1980, Adv. Colloid Interface Sci . 13: 101-140, 
incorporated herein by reference. 

All protected amino acids were obtained from Bachem Bioscience Inc. PGR 
and sequencing primers were synthesized with an Applied Biosystems model 394 
10 oligonucleotide synthesizer. Authentic samples of certain peptides were synthesized with 
an Applied Biosystems model 431 A peptide synthesizer using Fmoc-protected amino acids, 
HBTU/HOBt in situ activation chemistry, and deprotection with 40:1:1 
TFA/water/ethanedithioL These peptides were purified by HPLC (>95% purity) on a 
Rainin Gig reverse phase column using water/acetonitrile/0. 1 % TFA as eluant, and 
IS structures were verified by mass spectrometry. 

B. Parallel Synthesis of a 69'base Oligonucleotide and the Opioid Peptide 
Dynorphin B 

The G-terminal seven amino acid fragment of the opioid peptide dynorphin 
20 B H-Arg-Gln-Phe-Lys-Val-Val-Thr-NH2 (RQFKWT) (SEQ ID NO:2) was synthesized in 
parallel with a 69-mer oligodeoxynucleotide (ST08) on 10 /xm diameter beads. The 
sequence of ST08 was 5'- ATC CAA TGT CTC GAG ( ATG TGT ATA GTA TGA) TGA 
GG [TA TG GT AT TT TT AG] CTG A CT GAG TTG GAT TGG AG- 3^ (SEQ ID 
NO:20) . Underlined portions of this sequence correspond to PGR-priming sites while the 
25 region in parentheses is homologous to the primer used for sequencing this template. The 
14-base sequence enclosed in brackets represents the coding region of the template. 

The beads were first treated with a mixture of succinimidyl 
4-O-DMT-oxybutyrate (Molecular Probes) and the 1-oxybenzotriazole ester of either 
N-Fmoc-2,4-dimethoxy-4'-(carboxymethyloxy)-benzhydrylamine (i.e. the acid-cleavable 
30 Knorr carboxamide linker) or N-Fmoc-ThrOBu)-OH (for non-cleavable experiments). The 
ratio of Fmoc-protected amino groups to DMT-protected hydroxyl residues on the beads 
was determined spectrophotometrically to be approximately 20:1. The beads were 
subjected to 20 cycles of oligonucleotide synthesis on an automated synthesizer using 
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3.-0-m«h,l-N,N-diiso^y. phospho«nudi« of U,. toUowine . 
N..B.-5--<>DKr-(7«--<i»xya"(B''^ and ^" ^^^^^^^ 

MicWian) N<-Bz-5--O-DMr-2'-dcox,0y.idm.. and 5..0-DMT-U,yn,.d,ne (G.«. Re^-)- 

The beads ^ U.en .n,oved ftcn *e i„sm,»en. and «ea«d for 5 nnn. 
WiO, .0« pipertdine in DMF . ren«ve U,e Fn,oe p.o«a„s S-p. 

.n^o acid ,«idne <N-Fn.oc-™(B„,-OH). *e beads were <-^"^» 

soluUon of aceuc anhydride and l-meO,ylinnda™ie «, cap any n„.eac«d anmes All 
solution M ace -in n,in and conBined 0.11 M Fmoc-anuno aad, 

pepHde coupling reacUons " '- ^^-^^ The he^ls «e. *en suhjeced «. 
0.1 M HBTU, 0.1 M HOBt, and 0.3 M DIEA in DMF. ih 

cycles of nucleotide addition on *c synthesizer (detritylation with TCA' 
^^Italy^d phosphitylation; capping wiU. acetic anhydride; oxidation .odme in 
^LwJtcO. sequential steps of antino add coupling a™. dinuOeotide addition wete 
~ ntil synthesis of the peptide sequence RQPKWT (SEQ m NO:.) and 
TtlicUon of the oligonucleotide coding ^ad heen completed^After ^« an 

; additional 35 cycles of otigonudeotide synthesis, the heads weie ^'^ 
piperidine«.MF (1.9 for 8 niln), thiophenol/.rie,hylan»ne/du»ane (1.2.2 for 4 h ), 
X^edUmine/ed^nol (1:1 for 5 hr a. 55 -C,. and TFA/water (.0:1 (or 1 hr, to 
^.ect ftiu, both the peptide and oligonucleotide chains, m experiments us,n^^^ 
al-cleavable Unlter. ti« supe„»tan, from ti» TFA deprotection reaction »as concentrated 
0 in saas. and the isolated crude peptide was flien analyzed by HPIX. 

r Construction of an Encoded Ubtary 
■ The paralld synUiesis chemistry outiined above was used in the constniction 
o, the library. The sites of peptide synthesis were differentiated from DNA syn^is sites 
. r. ex^ment b, coupling ,„ all the beads a mixture of — ^^^^ 
succinimidyl 4-0-DNfr-oxybu,yr,te as described above. Sequences of ohgonucleonde tags 
He Hbrly deviated from ^ only within the coding regio. The 3..^ed re . 
of the oUgoKucleotide STt,8 was f.st synthesized on a total head mass of 35 mg ( 1.75 
I lO- be^s). The Fmoc protecting group was removed and the bead mass was dtvided 
30 into seven equal parts. To each aliquot was coupW one of sev^idifte^it 

alpha-N-Fmoc-prote^ed amino acids (side chain prolog 'r;^,^^ Each 
pLnthesis,: Arg(N<.-Pmc,. OlnCTn,, Phe, LysCBoc), Val. D-Val and ^'f^"^;^^ 
pan was then subjected to two rounds of automated oligonucl«>«de synthesis. TTe 
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respective sequences of the appended dinucleotides that specified uniquely each different 
amino acid residue were TA, TC, CT, AT, TT, CA and AC. The beads were then 
pooled, mixed thoroughly, and the entire bead mass subjected to Fmoc deprotection. 

This cycle of bead partitioning, peptide coupling, oligonucleotide dimer 
5 synthesis, bead recombination and Fmoc removal was repeated for a total of seven times. 
The final Fmoc protecting group was not removed. Rather, the pooled bead mass was 
subjected to 35 cycles of oligonucleotide synthesis. The library was then fully deprotected 
as described above. 

10 D. Library Staining and FACS Analysis 

A portion of a library (typically 0.5-2 mg of beads) was suspended in 
blocking buffer (PBS, 1% BSA, 0.05% Tween-20) and incubated at room temperature for 
1 hr. The beads were pelleted by centrifiigation and resuspended in a solution of mAb 
D32.39 (10 mg/mL in blocking buffer). The suspension was incubated on ice for 30 min., 

15 pelleted by centrifugation, and washed with blocking buffer. The beads were then 

suspended in a solution of phycoerythrin-conjugated goat anti-mouse antibody (Molecular 
Probes) for 20 min. on ice. The beads were washed in blocking buffer and diluted in PBS 
for delivery into the fluorescence activated cell sorting (FACS) instrument (Becton 
Dickinson FACStar Plus). Beads which had bound the mAb D32.39 were identified by 

20 their acquired fluorescence. Individual beads from both the most brightly stained 0. 17% 
of the library and from the region having the lowest fluorescence (ca. 98%) were sorted 
into PCR microfuge vials. Specific binding of D32.39 to the beads was blocked by 
preincubation of the mAb with the soluble peptide Ac-RQFKWT-OH (SEQ ID NO:2) at a 
final concentration of 10 |iM. 

25 

E.^ PCR of- Bead-Bound Template 

PCR amplifications were performed in the manufacturer supplied buffer 
system (50 mM KCl, 10 mM Tris-HCl, pH 9.0, 0.1% Triton X-100, 2 mM MgCy with 
0.2 mM dATP, dCTP, and dGTP, 0.8 mM dUTP, 2 mM each primer, 3 units Tag 
30 polymerase (Promega), and 1 unit of uracil DNA glycosylase (Gibco BRL) (total volume 
70 _L). The primer sequences, 5'-ATC CAA TCT CTC CAC-3' (SP13) (SEQ ID NO:21) 
and 5'-(biotin)-GTG GAA TGG AAG TGA-3' (SP14) (SEQ ID NO:22) were respectively 
homologous and complementary to the template ST08. PCR reactions consisted of 45 
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cycles of denatuxation at 95»C for 30 sec., primer annealing at 50"C for 1 min., and 
extension at ITC for 1 min. Reactions were analyzed by electrophoresis m 20% 
acrylamide or 2% low melting point agarose gels. 

F. Sequwicing of PGR Product 

Biotinylated PGR product from individual reactions was isolated with 
streptavidin-coated magnetic beads (Dynal. Inc.). After alkaline elution of the 
non-biotinylated strand and washing, each bead sample was treated with sequencmg 
cocktail. Dideoxy sequencing was performed using the primer 5'-ATC TCT ATA CTA 
TCA-3' (SP15) (SEQ ID NO:23) and Sst polymerase (Bio-Rad) according to the 
manufacturer's instructions, with the exception that a 1:100 ratio of deoxy- to 
dideoxynucleotide triphosphates (Pharmacia) was employed. 

G. Determination of Peptide Binding Affinities 

The binding affinities of various peptides for the monoclonal antibody 
D32 39 were measured in a competition binding experiment. A tracer peptide 
(LRRASLGGGRRQFKWT (SEQ ID NO:24); 50 pM) containing the known epitope for 
D32 39 fused to a consensus substrate sequence for cAMP-dependent protein kinase was 
radiolabeled to high specific activity with [g --PJATP (see Li etal.. 1989, PrgcjaML 

Sci. USA m 558-562. incorporated herein by reference) and mixed with vanous 
concentrations of the p^tide of interest (10 ^M-l pM). The pepude mixtures were added 
to polystyrene weUs coated with D32.39 ( 0.1 Gmg/mL). Samples were incubated 2 hr. at 
4«C the weUs washed with PBS, and the radioactivity associated with each weU was 
counted and used to generate a competitive binding curve. Under the conditions of the 
assay the ICjo should be close to the dissociation constant (K^ for the pepttde. 

EXAMPLE 2: SYNTHESIS AND STABILITY STUDIES OF THIAZOUDINONES 

The following examples relate to the synthesis of thiazolidinones using the 
methods of the present invention. This synthesis is described in greater detail in U.S. 
Patent Application No.08/265.090. filed June 23. 1994. and incorporated herein by 
reference for all purposes. 
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A. Preparation of Double-Labeled Thiazolidinone 

H2N-S-TentaGel (500 mg), a commercially available polystyrene based resin 
(Rapp Polymere, Tubingen, Germany, Ig, 0.30 mmol/g loading), was elaborated with 
Fmoc-Gly-OH labeled at the a-carbon 99% from Cambridge Isotope Laboratories, 

5 Inc., Andover, MA). The resin was capped with AcjO, deprotected with piperidine, and 
the Fmoc-photolinker coupled as its OBt-activated ester. The resin was again capped, 
deprotected, and reacted with unlabeled Fmoc-Glycine-OH as its anhydride. An additional 
round of capping and deprotection generated the free amine resin. Reaction with 0.7S M 
PhCHO labeled at the caibonyl (carbonyl-*'C, 99% from Cambridge Isotope Laboratories, 
10 Inc., Andover, MA) and 2.0 M mercaptoacetic acid in ACN containing 3A molecular 
sieves for 2 hours at VO^'C generated the double labeled thiazolidinone resin. The resin 
was washed extensively (3X5 ml CH2CI2 3X5 ml DMF, 3X5 ml CH2CI2, 3X5 ml MeOH, 
3X5 ml CH2CI2, 3X5 ml EtjO) and dried under vacuum. 

15 B. TFA Stability Studies 

A portion (20mg) of the resin was treated with 95% TP A/5% H20 for 1 
hour followed by washing with CHjClj, MeOH and Et20. Gel-"C NMR analysis of the 
resin indicated no loss of thiazolidinone, as evidenced by relative integration of the two 
labeled carbons. See Panel B, Fig. 30. Any destruction of either the photolinker or 

20 thiazolidinone would be expected to result in the integration of the benzylic carbon to 

decrease. This experiment demonstrated that both the thiazolidinone and the photolinker 
were stable to TFA treatment. 



C. DNA Synthesis Stability Studies 

25 ' A portion (20 mg) of the resin was loaded into the standard DNA synthesis 

cartridge and subjected to 40 cycles of DNA synthesis with A, C and T nucleosides 
employed as their phosphoramidites, followed by iodine oxidation after every cycle. 
"Mock" dimethoxytrityl (DMT) removal was accomplished by treating the resin 2 % 
TFA/CH2CI2 at the start of every cycle. The resin was removed from the cartridge, 

30 washed with DMF, and analyzed by gel-*^C NMR spectroscopy. See Panel A, Fig. 30. 
The spectrum obtained revealed little or no destruction of either the photolinker or 
thiazolidinone molecules. A portion (2 mg) of the resin was also photolyzed for 3 hours in 
pH 7.4 PBS buffer and the liberated thiazolidinone analyzed by HPLC. See Panel A, Fig, 



10 
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„ ^ Fi. 32 The dau «veal«J U... *c Uu^zo.idinone was released in WgK purity and 
IZT^l^^ -d «,ia»Ud>„o„e we. sia.i«ca„-y — 
with standard DNA synthesis reagents. 

PXAMPLE 3- COMBINATORIAL SYKTHESIS 

A combinatorial synthesis of YGGPL was pe,*.rn.ed using «,e syn««s.s 

device. Xhe synthesis was do. in reacUon vessels ^^'^l^^^^Z Ig 

rr^^dT r:,:^:' tr;:;:;!. ..s ^^^^^^ 

O^ptZnthesU cycle include steps.o. redistribution peptide ^ng, 
amine deprotection. collection of dc^rotecUo. for FMOC. nnstng wrth DMF. and 

:::c;u.esis. .h. ^ ^. ^ — 

^ds ™eHeruant«>ody binds nK>sd, with YGGFL. PACS analy»s iden« t^e 
rince of YGGFL. proving that this specific! combination was s,nth«.»d by th 

The experiment shows that a diverse cllectio. of peptides, includtng the 
YGGFL chain can be specified and synthesized via the syn.hes.zer. 

Although^ present inv«,tio. has been described in some detaU b, o 
iliustraUon and exantple f« purposes of clarity and unde^tanding, i. wUl be appa^t that 
, Changes and modifications may be^ced Within the scope of the appended 

claims. 

EXAMPLE 4: DETERMINA-nON OF BEAD DIS-^IBmiON USING THE 

APPARATUS OF THE INVENTION 
5 TO determine if mixed beads from the parent vessc. were betng evenly 

distributed to the reaction vessels, some beads we« biotinylated. The biotinylated l^s 
^ manually deposited in one reaction vessel. Kon-biotinyiated — 
deposited in the oUter 8 reacUon vessels. The synthesizer transfers 
^Uon vessels to the parent vessel. A sample was taiten ftom dte par». v^l. and 
,0 nuor^ streptavidin was flowed to bind with biotin on the bt-y-^^j^^- 

Florescence AcUvated CeU Son» (FACS) analysis shows that approxrmately 9. 1 % of the 
™^ the parent vessel were bioUnylat-. The beads were then reallocate, to 9 reacnon 
vessels, and the percentage of biotinylated b«>ds to total b«.ds in each vessel was 
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determined by a FACS analyzer. Table 5 shows that the mixed beads in each reaction 
vessel have approximately the same ratio of biotinylated beads to total beads as the parent 
vessel. 

5 

TABLE 5 





% Bright Beads 


Parent 


O 1 






1 


9.7 


2 


9.7 


3 


9.4 


4 


8.7 


5 


9.4 


6 


8.9 


7 


9.1 


8 


8.9 


9 


9.3 


Average 


9.2 


Standard dev. 


0.32 



25 It is to be understood that the above description is intended to be illustrative 

and not restrictive. Many embodiments will be apparent to those of skill in the art upon 
reviewing the above description. The scope of the invention should, therefore, be . 
determined not with reference to the above description, but should instead be determined 
with reference to the appended claims, along with the full scope of equivalents to which 

30 such claims are entitled. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

/i> applicant: AFFYMAX TECHNOLOGIES N.V. 

(iii) NUMBER OF SEQUENCES: 24 
liv) CORRESPONDENCE ADDRESS: Townsend Khourie and Crew 

1^1 fT?fK?f ^Ae^S^^ref Pratar^eua.. Towe.. Sui.e 2000 

(C) CITY: San Francesco 

(D) STATE: California 

(E) COUNTRY: USA 

(F) ZIPS 94105 

IV) COMPUTER READABLE FORM: 

^ ' (A) MEDIUM TYPE: FlopPY ^^^k 

B COMPUTER: IBM PC ^S":P^^^^?,|_dOS 

C OPERATING I^^TEM: PC-DOS/M^ ^^^.^^ „ 

(D) SOFTWARE: Patentin Release wx.yj, 

ivi> CURRENT APPLICATION DATA: 
(vi) ^';[^^ppLicATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

--^^-^^Sir^S^E^- us 08/146,886 
ia! «LING DATE. 02-NOV-1993 

1b, filing date: 02-NOV-1993 

(ix) TELECOMMOHICATION I»»FORMATIOMs 
' (A) TELEPHONE: 415-326-2400 

(B) TELEFAXi 415-326-2422 

(2) INFORMATION FOR SEQ ID NO:l! 

(i) SEQUENCE CHARACTERISTICS! 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRAHDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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<xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Tyr Gly Gly Phe Leu Arg Arg Gin Phe Lys Val Val Thr 
15 10 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Arg Gin Phe Lys Val Val Thr 
1 5 



(2) INFORMATION FOR SEQ ID NO: 3: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NOs3: 

Thr Phe Arg Gin Phe Lys Val Thr 
1 5 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STR/^DEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Thr Thr Arg Arg Phe Arg Val Thr 
1 5 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Thr val Arg Gin Phe Lys Thr Thr 
1 5 

(2) INFORMATION FOR SEQ ID NO: 6: 

ix) SEQUENCE CHARACTERISTICS: 
^ (A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

Gin val Arg Gin Phe Lys Thr Thr 
1 5 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 
Arg Gin Phe Arg Thr Val Gin Thr 
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(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Lys Gin Phe Lys Val Thr Lys Thr 
1 5 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
. (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Gin Gin Phe Lys Val Val Gin Thr 
1 5 . 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10 

Lys Gin Phe Lys Val Thr Gin Thr 
1 5 
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(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

^ ' (A> LENGTH: 8 amxno aci.ds 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE description: SEQ ID NO=ll: 

Thr Gin Phe Lys Val Thr Lys Thr 
1 ^ 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

Jc) STRANDEDNESS: sxngle 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l2: 
Thr Phe Arg Val Phe Arg Val Thr 



1 5 



(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 
^ (A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
( D > TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:13 

Phe Arg Arg Gin Phe Arg Val Thr 
1 S 
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(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14 

Arg Gin Phe Lys Gin Val Gin Thr 
1 5 



(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15 

Gin Thr Val Thr Val Lys Lys Thr 
1 5 



(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16 

Gin Gin val Gin Arg Gin Thr Thr 
1 5 
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(2) INFORMATION FOR SEQ ID NO: 17: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acxds 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
Lys Thr Gin Val Val Gin Phe Thr 



1 5 



(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

Gin val Thr Gin Val Arg Val Thr 
1 5 



(2) INFORMATION FOR SEQ ID NO: 19: 

li> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:19 

Phe Val val Thr Val Arg Val Thr 
1 ^ 
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(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 69 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPEr DNA (oligonucleotide) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
ATCCAATCTC TCCACATCTC TATACTATCA TCACCTATCC TATTTTTACC TCACTCACTT 60 
CCATTCCAC 69 

(2) INFORMATION FOR SEQ ID NO: 21: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (oligonucleotide) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
ATCCAATCTC TCCAC 15 

(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (oligonucleotide) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
GTGGAAT6GA AGTGA 15 

(2)' INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: DNA (primer) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 
ATCTCTATAC TATCA 



15 
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(2) INFORMATION FOR SEQ ID NO: 24: 

(X) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino acrds 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 

^ „, ». ... - «V OI, "9 «. V.1 V.I 

1 ^ 

Thr 
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1 1. A method of synthesi2dng diverse molecules on a plurality of substrates 

2 comprising the steps of: 

3 distributing said substrates to a plurality of reaction vessels; 

4 coupling a first portion of said diverse molecules to said substrates in said 

5 reaction vessels with different reagents in each of said reaction vessels; 

6 moving said substrates through flow lines to a mixing vessel and mixing said 

7 substrates; 

8 redistributing said substrates through said flow lines from said mixing vessel to 

9 said reaction vessels; and 

10 coupling a second portion of said diverse molecules to said first portion of said 

11 diverse molecules to form diverse molecules on said substrates. 

1 2. The method of claim 1 wherein said redistributing step includes the step of • 

2 redistributing at least a portion of said substrates through a common manifold. 

1 3. An apparatus for parallel coupling reactions on solid supports, comprising: 

2 a parent vessel; 

3 at least one reaction vessel bank coupled to said parent vessel, said reaction 

4 vessel bank comprising a plurality of reaction vessels for performing said coupling 

5 reactions in parallel; 

6 a plurality of flow lines between said parent vessel and said reaction vessels, said 

7 flow lines forming a flow p>ath between said reaction vessels and said parent vessel; 

8 a delivery system for delivering reagents to said reaction vessel bank; and 

9 a programmable computer for coordinating transfer of said solid supports between 
10 said parent vessel and said at least one reaction vessel bank. 

1 4. The apparatus of claim 3 further comprising a common manifold, said common 

2 manifold being connected to at least one of said plurality of flow lines. 



1 

2 
3 
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, The appaxam^ of claim 3 wh«in »ia delivery .y^n, tunher 
appamu. said S., ponlon having a highe. p«s.ure ,ha„ said second poruon. 



1 6 
2 



3 
4 
5 

1 8 

2 



e The appa^iua of clai. 3 wherein said reae.on vessel ban. *.«her eon,prises 
means for agiuUng in paraUel *e co„«.u of said p..«li.y of reaotion vessels. 
, 7 T,,eappa«.us of Claim 3 v^herein said reason vessel ban. fur-ercompn^ 

t^rtn a r. J mode and for serially deliveHng said reagent u, selecled ones of said 
plurality of reaction vessels setiaUy in a second mode. 

8 The apparams otOaim 3 wherein said parent vessel, said 
Id said deliv^ system a« sealed from the atmosphere dnring said paraUel couphng 

synthesis reactions. 

o Tl^e apparatus of claim 4 further comprisir,g a valve for shifting said solid 

4 vessel and said plurality of reaction vessels. 

,0 T1« apparams of claim 9 wherein said reacQon vessel bank further compri«s 
vL means Lon»ve to command signals from said programmable compute, for 
TZZ^ -net said reagents to sel^ted ones of said plurality of reacuon 

v~ a nrs! mode and for seH.l, delivering said reagents to selected ones of sard 
plurality of reaction vessels serially in a second mode. 
, „. A method for performing coupling reactions on beads in parallel, said method 

'^sfening said beads in a suspension from a parent vessel to a plurality of 



1 

2 
3 



1 
2 
3 
4 
5 



2 comprising: 
3 

4 reaction vessels; 
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5 performing said coupling reactions in parallel inside said plurality of reaction 

6 vessels on said beads; 

7 transferring said beads from said plurality of reaction vessels to said parent 

8 vessel; and 

9 mixing said beads. 

1 12. The method of claim 11 wherein said steps are repeated a predetermined number 

2 of times. 

1 13. The method of claim 11 wherein said transferring step further comprises the step 

2 of transferring at least a portion of said beads through a common manifold. 

1 14. An optical alignment block for use with an optical detector in detecting the 

2 presence of a liquid within a substantially translucent tube, said optical alignment block 

3 comprising: 

4 means for directing a beam of light from the transmitter of said optical detector 

5 through the center of said tube onto a portion of the collector of said optical detector; and 

6 means for inhibiting light, other than said beam of light, emitted from the 

7 transmitter of said optical detector from reaching a portion of the collector of said 

8 detector. 

1 15. The optical alignment block of claim 14 wherein said directing means comprises a 

2 pinhole aperture through said optical alignment block. 

1 16. The optical alignment block of claim 15 wherein said optical detector comprises 

2 two forks, the transmitter' being located at a first fork, and the collector being located at a 

3 second fork, said optical alignment block further comprises: 

4 means for frictionally engaging said optical alignment block between said two 

5 forks; and 

6 means for positioning said tube such that the longitudinal axis of said pinhole 

7 aperture intersects the radial axis of said tube at a 90-degree angle. 
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,7 The alignn«». block of dain, .4 wherein said direcd^g mean, funhe, 

l^Z, fc P^Uonin, ^ ^ ^ - — - — 

said optical detector. 

18. A deUveiy syaem for (teliveiing reagenu, comprising; 
a 2-port valve having a first port and a second port; 
a v™m valve having a firs, through channel and a third port; 

responsive to a programmahle computer, for selecdvel, penni«.ng satd 

— — rjr::— : .r se... ^i..ng said 

~rr rr» - 



„ T,.e s,stem of claim 14 wherein said third port is coupled to a first »rbe catrymg 
a Lgen. Ju,e other of said first port artd said secotK. port is coupled to . sec»,d tuhe 
cZng argon, »,d wherein said first tuhe carries said reagent either towa^ or awa. 



1 19. 
2 
3 

4 from said manifold. 
, 20. A combinatorial synthesis device for performing coupUngreacdons 

3 "1st one reacUon vessel ban., said reaction vessel ban. comprising a pluralUy 
of reaction vessels and a plurality of monomer reservoirs, each said reservoir assorted 
with one of said reaction vessels; and ,n .aid at 

• a common reagent reservoir, said common reagent reservo. coupled to s.d 
least one reaction vessel bank for delivering a common reagent to said plurahty of 
8 reaction vessels through a common manifold. 



4 
5 
6 
7 



1 
2 
3 
4 



21 A method for synthesizing a tagged molecular library, wherein each different 
.olecule in the library is covalently attached to a solid support and is tagged wUh ^e . 

Ire different tags wherein each of said one or more different Ugs compnses a vanable 
more different tags. ^^^^^ 
hydrocarbon region and a molecular hook, wmcn lag* 

lid support, said method comprising: (a) apportioning the supports m a stochastK 
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6 manner among a plurality of reaction vessels; (b) exposing the supports in each reaction 

7 vessel to a first chemical building block; (c) pooling the supports; (d) apportioning the 

8 supports in a stochastic manner among the plurality of reaction vessels; (e) exposing the 

9 supports in each reaction vessel to a chemical building block; and (f) repeating steps (a) 
10 through (e) from at least one to twenty times. 

1 22. The method of Claim 21, wherein said solid support is a linker. 

1 23. The method of claim 21, wherein said solid support is a Monobead™. 

1 24. The method of Claim 21, wherein said molecule is attached to said solid support 

2 by a linker. 

1 25. The method of Claim 24, wherein said linker is cleavable. 

1 26. The method of claim 21, wherein each of said one or more different tags 

2 comprises 

3 a cleavable linker attaching each of said one or more different tags to said solid 

4 suppon; 

5 a molecular hook; and 

6 a variable length hydrocarbon chain connecting said linker to said molecular 



1 27. The method of claim 21, wherein each of said one or more different tags 

2 comprises the formula: 



7 hook. 



3 




4 wherein n is from 1 to 10, X is a cleavable linker and R is a molecular hook. 



28. The method of claim 26, wherein X is a photocleavable linker. 



1 29. 
2 
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,„„sis«ng of .i«in. an a«lv»ab.e group and a high associauon pepu*. 



30 A me*™, of .caning a UggC molecular,*.^ of CUl™ 25, whe^ins^ 
co»<tttio.« cODdudv. » bUKltag of a liga^d u> said receptor. 

M ■„„ „edK,d Of c.ai» 30. wKereU. said molecule is a pepride. said solid suppor. is 
.^Lra^.0.„a^.3..«ln.a™«..dc.^^^ 
deavable linkers, and only a portion of said molecules sai 
said incubation step. 

J acid monomers linked to a oeau ^rirfe wherein said amino 

, iden^ner rags ide„.fy.ng d« "^^TJ^r^Z^ -oc 

5 acid .o„o™«s are pro,«=d wi* ^ "^^^.^ ^^e„, wit. 

: 

; rmposrofara^porouss-yr^re-diviuyU^n^copol,^^^ 

3 dodecylamine linker. 

, 34. Tl«i.np.»vemen<«fa»i-32.«h«einsaidbeadisaMonobead~. 

35 The ta.prove.nen. of Claim 32. »herein said amino acid monomers ^ave side ^u 
1 ^Jc^. gr^ps. TPA is us«. «. remove said -Bu side c^n protecung 
^ J said oUgonudeoUde «s comprise 7^-2--4eoxyadenos.ne. 
. 36. A meUiCK. of detecdng die presence of one or more different ugs in U^meUiod Of 

2 daim 26, said method comprising: 

3 Cleaving said one or more different tags from said solid support. 



1 35 
2 
3 



wo 95/12608 PCTAJS94yi2347 

149 

4 immobilizing said one or more different tags; 

5 coupling an amplifiable, detectable group to said molecular hook on said one or 

6 more different tags; 

7 amplifying said amplifiable, detectable group; and 

8 detecting the presence of said amplifiable, detectable group, wherein the presence 

9 of said amplifiable, detectable group is indicative of the presence of said one or more 
10 different tags. 



1 37. The method of claim 35, wherein said amplifiable, detectable group comprises an 

2 oligonucleotide sequence capable of binding to said molecular hook. 



1 38. A method of determining the synthesis sequence of a molecule attached to a solid 

2 support in the tagged molecular library of claim 21, said method comprising individually 

3 detecting the presence of said one or more different tags attached to said solid support, 

4 the presence or absence of said one or more different tags being indicative of the 

5 occurrence of a particular synthesis step in the synthesis sequence of said molecule. 

1 39. The method of claim 38, wherein said individually detecting of said one or more 

2 different tags comprises: 

3 physically separating said one or more different tags according to their structure 

4 whereby a separation pattern is obtained for said one or more different tags; 

5 immobilizing said one or more different tags so as to preserve said separation 

6 pattern; 

7 treating said tags with an oligonucleotide sequence whereby the oligonucleotide 

8 sequence selectively binds to said one or more different tags; 

9 amplifying said oligonucleotide sequence; 

10 detecting the presence of said oligonucleotide sequence, wherein the presence or 

1 1 absence of said oligonucleotide sequence is indicative of the presence or absence of said 

12 one or more different tags; 

13 identifying said one or more different tags present by the relative position of said 

14 one or more different tags in said separation pattern; and 

15 correlating said presence or absence of said one or more different tags with the 

16 occurrence of a particular synthesis step in the synthesis sequence of said molecule. 
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